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Wir& : fre£4ietwork an* rifctfipd of establ ishing time synchronization arriong a plurality of 


(57) ; ; WN node^'^ itp ^^set the nfjmber of clocks in 
low-ord^f 12 bits <>f cycle- time data f . le masters 
(20-50) to a bus counter 'f 1D2A) and ; nal counter; \ 
(102B). When a control block is transmitted to.the:VyN 
nodes ( 3 to 5), the WN node (2)' stores a counted, vatuei 
of lhe;coi!nter (1G2B) in 'a cycle sync area TfteiWN- 
nodes (3 to 5) which receive the control block extract 1 
the co jr;teC value from the cycle sync area; generate 
control information for correcting a difference so as to 


mairij§in an initial value "by comparing the extracted 
courted value and the counted value of the' above -men - 
tion encounter (102A), and transmits such contrci^r- 
matbn to thje cycle masters (30 to 50). Thus, the number 
of clocks inithe low-order; t2, bits of the eye'e time data 
in the cyclej masters (30 tp\5D) is corrected, and a time 
synchronization among respective buses is established. 
Therefore, a time synchronization among a pljralty of 
buses may toe established satisfactorily. 


Description (O'O'v .-o-u - . . - controlled nodes. .controlled -by. : this control node and 
■ n / ■ • y; \U- 2>: {:'-' . : » wherein the control node is connected to one bus and 
[0001] The ^eser^ invention relates to k netw the controlled node is connected to other .bus.t 
ing inf rared rays, radio waves and the like as a wire-f »ee [0008] The control node transmits itirne information 
communicatbrinieolum anda method of establishing a s fromj.a-. time management node on a bus connected 
tirrie synchronization among a plurality, of buses. More ^ thereto to the controlled node. Then, the controlled node 
particularly, this invention, relates to a network in which 7 gene rates control jofcrrnatiorv for adjusting atime by us- 
a time synchronization may be satisfactorily established ing time information transmitted from the control node 
among a = plurality of busesiby adjusting a 4 .ime of other *, and time., information from a time management inode on 
bus 1 basecfon tim& information of one bus: -> . ; o;-.;. 10 a bus connect ed. thereto, >and transmits such control jn- 
[0002} : HeretbfOTe;:a^ lEEE (lnsiitut . formation to" a time management node on a l?us . con- 
Electrdnics Engineers) t394 bus has rc -^ved remark- nected thereto, ^-hereby a time synch fpnizatioapf- bus- 
able attention' a^^^ ^connect- es to. which the control node and the controlledno^eare 
ing hbm'e eieclrcrvbicfsvicesis; ^ video, .r^-- connected may be established. : 
corders or tonnectingihese elect. , loacom- isi\ [0009] . Also,;the, network ac^rding to the. present jn- 
puter. . : :rr <. ^:i . ; . ; . > . ventbn, for-example, includes a wire-free communica- 
[0003] This IEEE*; 394: bus: has. . two kinds of dat^/ tion unit. for effecting a wire-free commynicatk^ among 
transfer f unctidis df^yncfeyono^^ffartslcpfuhction and . a plurality of buses This radio communication unit cpm- 
isochronous tfaftsfer function. According to the asyn^v prisesone control node and more than .one. convoked 
chronous transt^T^uhclbn, ah asy. ic nronouscommunk 20 y nodes controlled by this control node and wherein a con- 
cation of data; is carrie j -out: nr; a vX5> ^r> ma; ^e< ! '. f/O trolled nods is connected to one busand a cpntrolnode 
sy cierh. On ^ the other ; hand, accc rdtV . ^ • c . e isoV and a centre!! ed node : are connected to othe r buses, 
chi oriotis transfer f unctionv -data communication ?s. car- , [001 OV The control • node transmits time information 
ried but by using chanrte^ from a t:me management node on a bos connected 
transmission side and ^Hexeception sx*3 r and en ice- 2S thoreto.*o:a controlled node; The controlled nodG con- 
chro>te>us rCdriimunicaticn Is-carried out at theuhfcof j2C '■: : nected to a: bus otbeMhan one bus generates control 
microseconds.- ~ ; : - * . . . . . .- tnforrnation fpr adjusting a time bv using, time informa- 

[0004] It is proposed that a netwt k comprises, a :ph>-.> tion transmitted from a control node and time .informa- 
rality of the alx>ve-mentidhed IEEE1 39/- buses, fo;;£>.v \ tion: from a time management node on a bus connected 
ample^conhected over tfadio waves to thereby: transmit 3a . thereto; anc ts such control information to a time 
and reeeive vkJeb dataandiauob data among respec- managemerV r n,a bus connected thereto, 
tive bu?es; Each busi includes a time management [0011] The controlled node connected to one bus gen- 
node/whrcS is : geheratry referred to- as a3 cycle mastei; erates control information by. using; timeirformatton 
to manage 1 a time- of eacfr bus; A time of each .bts. is : transmitted from a control node and. time. Information 
counted by using a clock "signal havinga certain' degree 3&: from a time management node on a bus connected " 
of accuracy. Kov.jverv; since there exists : 3 cor»otant^err" thereto, and transmits'such control information 'o a con- 
ror^amorig cfobr; 'signals; when^a tirne is^con-inuouslyr: trol neJeivThen^ the.contrp! node receives control infpr- 
couhted to some extent, it is unavbidable th&t a time drf^ * mat bn transmitted -rem a controlled node connected to 
f erence -among^ respective" buses is shitted. As 'ds- : one bus, and transmits such control inf ormation, to a tLme 
scribed abbVej* when Video data aid: audio da*^- are o w management node on .a bus connected thereto where- 
transmitted and received among respective buses^a- by a \\\ n& synchronization of buses to which the control 
displacemenfot' a ( time difference arr.ong the respectr/e node and the controlled node a re connected.may b& es- 
buses exerts a badinfluetlce upon reproduced tablished.-v ; . : -ji 
and sounds as a jittercdmponent.: " - - : ; ~' s [0012] Embodiments of the invention will now be. de- 
[0005] lt is ! ah object oHhe presen: invention to pro : > ^ scribed, by way of example;onIy, with reference to the 
vide a i wire-free net wor kin Which a time synchronization accompanying drawings, in which: . r 
may be satisfactorily established aitidng a plurafity 0; . - . . ; . / 
buses- ■ ' ' : - • « . ' FIG. 1 is a syslematic diagram showing a nolwork 
[OXKfey : A hetwbrk according' to the present invention. according to an embodiment of the present inven- 
is a wire-f 'ree network comprising a pluratrty of buses v. so> tion; . . . . ... ... . 

connected via 'electromagnetic waves a^d which- ir^ ; j FIG/2 is a ^tock diagram showing a network.node; 

eludes means for adjusting a time of other bus by using FIG; 3ms a diagram, showing a basic format of an 

time ihfomriatiortof bnc bus. • ; . IE EE ".394 standard packet; : . v. : - 

[0007] The wre-free hetwdil^accoi^irigtoth FIG. 4 is & diagram showing a data formal of an 

invention; tor example, includes a wire^-free comrn0ni-: , :' 55 , IE EE1 394 standard asynchronous packet;: 

cation unit for effecting a wire4ree' communication - FIG. 5.> is a diagram showing a data format of an. 

among a plurality of buses. Th is ; wire-free corr.munica^>» iEEE'1394 standard isochronous packet; 

tion unit comprises one cont rol node and more thanone •■ • FIGS. 3A. 6B, 6G.are diagrams showing the 'kinds ; 
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of data : b1cx:k&'Snd'tli&'£bhteVits'df headers, respecT* 
;,; tivery; * : j n:.>:- :ov . -,^::-;v. 

FIG. 7 is a diagram showing a data : format d1 an "0x>^ 
' f0 cess , 'tayer ; 6Gmmano; ,: '' i ' '~ y - r t P : ^'- 
x R& : 8~is a data fdrmatdf axerhmuhication effected . 
?, "*6y afflfetew-rays; r, - ,rr ■ olX)r,M::>;: " ; - :: - ^;o:3io^ 
- v r^^9 ,! fs" , a ,r di'agrlafh 'ihSwiK^6'^ata'-fdrrhdf > 'of>'a'n^-' 

- IEEE 1*994 slanc&rde^ •'■ - : 
: " Fl§. : ib'fsa^ 

■ F : SGi: : tt isadiagrarh srfow^ ; 
' ; time^'3lotsare allocated;^ W :;f --""^ - - 

' r iGS; 12A through 12E are diagrams used id ex- - 
' piain tH^ : manner irt ! whieha : data btbck is- converted 
and a packet is reconfigdred; r r«spect^eiy; : - : - :: 'if- 

, ; FIC3;13-is ^ block diagram used to explain 1 the man-- 
" ner ln^hlch'a lime syhehronizatkDn is established 
i arribng : bUses (when the bus on thfe contrdl^node 

n stde r fe' assumed to be tne standard bus); ; > . : 
^ FiG>14 is a flowchart' td which reference will-be 

: made' in explaifiiiref the* mariner f ih4yhieh'the< number 

^ bf docks is -set to counters ateontrolndde^ y'. . 

- FIG/ i5 is a flowchart to whidh relerenc^f 'Will be 1 
: K made in explaining the manner in Which the r n umber 
*' Oi clocks is set to a counter of a controlled riode; ■ ^ ■. 

"■FIG."- i 6 'is" a' fiov/chart to ; which reference .will be 
: " made tn : explaining tile manned in -Which a dontrol < 
r node it; operated Vhcn ine control node transmits 

a cbhtrol block; • ' ' - . 

; FiGi. 1 17 Is a 'ffowonart to^ which ,-eference; wli: be 
{ , macie' in explaining the manner ihvvhich a controlled ; 

node ts operated when the controlled node receives 
' a cbhirbtbiocK; ^ ' ■■: '■ : ' r '-■ 

1 FiGS. ISA; 'ISK'ISC are diagrams used to explain 

■ another exampfe of a data format of a communica^ 
tiori< : respectively; 5 : ■■-,.r;;^* . ^i: r . : 
FIG.- i 9* is i'a' block 'diagram used to explain the man^ : ; 
her irv which a time synchronization" is established ■ 
arriong buses (when the bus omhe'eont rof led node 

* Vi 7s assumed to be ^th^'stari'dard tws);' = • /■•'< 

^TIG:' 20 is a flowchart- to Which reference will be 
madein explainihgthe manner^ whicbthe number 
bf'dlboks is set to a counter of a control node; . : 
FIG. 21 is a flowchart to which reference will be 
made in explaining the manner in which a controlled . 

- ' node receives a control block A; and / - . ■ 
FIG. 22 is a flowchart to which reference; wiil be : 
made in explaining the manner in which a control 

' node receives a controt block B. . ' ; 

[0013] FIG. 1 of the accompanying drawings shows 
an example of a wire-free network' 1 using infrared'rays 
as a wire-free communication medium. As 1 : shown in 
FIG. 1, this network 1 includes tour ^ nctwdrk nodes 
(hereinafter simply referred 4o as "WN node«72 fo5. 
[0014] Tbe'WN node 2. is connected to an IEEE 1394 
bus 21. This IEEE1394 bus 21 has further^connected 
thereto a satellite broadcasting reeeiv3 r 22, aiCAJV {ca- 
ble television) receiving device (what xight be called 


set-top box) 23, a digital video disk (DVD) device 24 and 
a video cassette recorder (VCR) 25, all of which are 
sewed as 1EEE1394 nodes. The/sateJ'ite broadcasting 
recerver 22 has connected thereto an antenna^S !or re-, 
s-- ceiving a sateilite broadcasting signal.: The CATV -re- 
: ceiving device 23;has connected- l^ereto a, .cable 27 
through which a CATV.signal is transmiUed. : , 
[0015] The WN node 3isxbnnected.to an* IEEE 1394 
bus 3t. This lEEEl 394. bus:;31. has. further connectpd 
}■ 10 thereto a video, camera 32. serving, as t ^initEEE1394 
node. The \rVMViode 4;;s conhectedao an IEE E ) 394 bus 
41 The IEEE1 P°>i bus 4lihas further connected thereto 
a monitor^ .vf^a^^an.jfEEErlSM rKxle/.T^ WN : 
node '5 ; is'' ^ . >an :IEEEi1394i:bus,.5t: The 

IEEE1394( . /thdrccinnected thereto a com- 
puter 52 served as an IEEE1394 node. , :,. 

[0016] Jn theme^vor/vshowr uv FIG; 1 ; ; when da!a ;s 
tr£inc;feri3d.1rc>,r :uu : ; ^ no/^e. connected to. a certain. 
WN rode to tl ie 6»5conr? node connect;^ sp other WN 
\20'y. node; data: is cDiT(€irtfyd:into sn. ir.frc.r'd; signal; -and 
transfdere^jfrom ^ riirstinode to ihe second node. . 
[0017] ^.•IXcoorci.. <g to the IEEE1 3R4; standard, datable , 
transferred at the; urritrof packets:' F IG: 3.&hpyvs ; 3 data 
' f orn-at used to . eff eM. the 4€ E &, 39A startdard ^lata com - , 
1 25"-'.- mui^catioo, i e. -a basic , format c£ packets Roughly c,las- , 
sified, as shown in;FIG^3, this packet compfis.es a head- 
er, a transaction code (tcode), a header CRQ;(cyclie fe-;. 
r dundancychecfc cc<fc^ 

[00t8] The deader GBC; is generated based on pqly = 
a header. The.lEEEl 394 standard restricts nodes jso as;. 
not toiact .on or. respond, to, headers which, ara ■ deter; 
mined as being unsatisfacjory by tb.e.header Cf?p. ^c- > 
cordiny; to.the;J5EE,1394-stahda(d,i the.. Reader, has.ta 
conta in -the, t ransac^ton * code/, and th e t ran^actjon code , 
; 55i defines the kinds of main packets, c ; - >r :v 

[0G1S] ^.According to the, IEEE1^94 stondard^an isp- f 
chronous packet and an asynchronous packet ars avai I- - 
ab te ;as de rivet ives of the packet shown in FIG . ; ;3. The, 
isoeh rortous; packet, and th,e. asyncbo?r : ouis packet ,may ; , 
40 v be distinguished, from ,each'Other;by^theatransaGt!pn 

COde..O-.-:-V .; •' -T---- . ■ ■^ i h- - 

[0020] . ,FIG. 4 shows.a data format of th.e asynchro- = 
nous i^ket. In.the.asynchrc^CiiSipacket, ^s shown ia. 
FIG. 4, a header comprises .destination node identitjea- 
45:- tion data (destination_ID), a transaction. Iab ( el (tl), a retry.; 
code (rl>, a transaction code : (tcpde)i priority information 
(pri). source .node identification data (source^lD), pack- 
et type inherent information (deslinatbn_offsel, recede,, 
reserved),,, packet type . inherent :^ata;Jqua i 0let_data v , 
so data^lenglh^ extended_tc.od^) and.a header^C.RC, 
[0021];* Fi.G: 5r5hoyv$a data fprmat.pf the isochronous 
packeti ln<the isochronous p^eket, 3S shown in- FIG. . 5, = 
a header comprises a data length: (detajength), an is- 
oeh rpnous^data .format tag (tag),; an isochronous chan- 
ts net (channel),, a transaction code (tcode), a synch rpni- 
zation cede (sy) and a header C BC. .., : 
[0022] : AlthOL-gh it is well-kno\yn ; that the. above-men- 
tioned packets, (isochronous packet and asynchronous , 


packe1)»edr3itij) : to~ the IE EE 1 394 standard are the var- - 
iable^ldrtgth^padketsV according to the embodiment: of :> 
the jDresehtM'nveiVion,-data*is transferred from a certain 
node WN to other 1 WNnode at the unit of fixed-length, 
data bkx:ks>T6 : this end; according to-the' embodiment .; 5 
of the present invention; the^fixed-length data block is': 
generated based on packet data such as the'lEEE 1 394> 
standard' is^hronous pac1<et 'antf asynchronous pack- r 
.et? r; ' ^ ■ '■■ • { - :•' - ^ ,.. s o 

[0023] When trie variable^lerigth packetis iongerthsn . 10 
the fbced-lenglrToata'BlbSck.^ the variabte-iength packet *• 
is' divided irrtd a- fSturaf^of Van^ble-lehgth/paickeis so : 
that data ^ : ol r the variable^ert§th packets rhaybe con- 
tained in a pttiVality 'ofb^fe blocks^ ;n that case; there 
are 0nerated-tnreeW^&^ ?5 
[0024] FIG: Bftshows fttef irst fwed-len^th data block' 
having user <iata ceriirj risking only data^f one packet In 
this data broc'k, as shovwi inFIG! S'A.^header is located 
ahead of the user data, and the user data is followed by 
a parity.ThiS jbarity is sn error^drrecting code (ECC) for * 20' 
erro^orrecting uie : header and the user data ■ FIG 1 ; ■ 6B 
showsnhe* second ^i^ed^ength <Jata i block ^havin^- user 
datacbrhphsihgdatffbfa pldnalftybT packetsftwb^ck- 
etsih the illustrated exeir^fe). In this date block, he^ei- 
e rs are locateo ahead of tHc two 1 use r data , aha the s so- 25 
onciuser data is tbllbwecl by a^parity. The psr.ly is used 
to error-correct the whole of -the n6adari5-£:;-id : the two 
user data. ; -*" : ""■* )! -"- • • Hi\Y " 

[Oifrfy r IG: 6G shovVs the1hirdfixed-ten'gt?i data block! 
having user data i comprising data of bne oF & pluraHty of 
packets (dhe* packet irf t^ 

space area with null data (empty data) attached thereto, 
in ihlb ciata block, as shown in FK5;- 6C! a header tste- ; 
cated aheaei df the user data/ahd the hafrdata io 'fol- 
lowed by a f parity. tViisparity is used to errdr^ofrsfct the- 3$ 
whole? of the header, the useV date dttd'the null data: ; 
[002fc] WheYftheUaWer^ 
the ^t^Block-cornpFises the'pafftyW B^ylesanb 1 other 
data of 52^'es^and is QPSK^kdratuVe-^hase-sTiirt- 
keying)-modulated andtheri transferred in fh#fdrm or 46 
data of 240 symbols'. ' Wherl tFfe frarisfer rate heb at 
2 x 24?576 M8 : ps;ihe t^ 

16 ,: byies and other data dt 104 bytes, and I6CAM (16 ■ 
quadrat u re-am j3l it ude-mocJulation)-m6dulated^ l/ : and [ 
then 1 rahsfef red in the "form of data of 240 symbols. Fut- 45' 
ther, when the transfer rate is held at 4 x 24.576 Mbps, 
the data*blbck comprises trie parity d 32 bytes arid other" 
data Of 208 byies' and is 256QAM (256 quadrature-am- ' 
p I it ude^nrbdufatic^)- modulated, and then transferred irr 
the tfbrrWbfdata of 240 symbols 1 ; ; so 

[0d27] ! 'the header is forrried of 4 bytes and includes ; 
a pacfeflb arSa, a source ID area; a data-length infor- 
mation area, a data type information areata divide in- 
formation area and a reserve area as shown in FIGi: GAP; 
The packet ID area has stored therein the packet !D of 55 
7 bib, for example. Th 

by using packet IDs "!' to "127" : , in that order After the r 
packet ID °127' was used; the packet IDs are sequerv 


tially used, from the:packet;ID-!1 \:The.:sottrce-;ID>area 
hasa;ored therein a node ID of a source WN node- This 
node J 9 is comprised of data of : 3 b its, for example; when 
7 WfelriTodes.atmaximum, cbnstitvtejhe wireless pr^ra- 
dio network. A node Ifrof control node is "1.11 ". v f 
[0G§££ * The data length; information. 3 rea;Mas stored 
trlcresln info:-matia-iJndiQatr/e;of the length. of: user data! r 
The data type irb'oraa<ic^.c rea:M£S f SiOrs4 therejn 
which are used to determine the ciassiflcatipn ot' user, 
data such asi,. whether. use- data is isochrcneus -packet 
data, aayncnrohous packet data or access layer; com ; 
mand data: When> the 1 user data is cf.the-access; layer 
command, -the user data of the data block includss. an. 
access layer.command.whose data format is. shown hi. 
FIG^'?. : r^r\:-r/r^-,y -- : \- ..... : „,.' :f . 

[0029] The access? layer command is used to transmit 
and receive exclusive-commands between 1 two access, 
fayens so that setting information may. be itransmitted 
and received between the WN node serving.as a c Dntro! 
node and the WN node serving as a contrcll3d node; 
Although the access layer command is located. in the 
user data of the data block,, the access layer command 
is completed between the access layers, and therefore, 
need noHbe assembled in the form of the IEEE 1394 
racket. A command code is adapted to indicate the.kind 
of the access (ayercommand.. A pay load length is adapt- 
ed to indicate 1he? length . of- a; eorr t nand occupying the 
user data (payloaefyaMhe unit of. bytes.. The payload has 
stored thereh an access layen corrimand. The access 
layer command is stored in the data pay load from the 
starting portion. When the data! payload does not reach 
to the uhitof quadlet (4 bytes), theiempty portion of fte 
data^aytoad is filled with: null data • - - : ---m >• 
[0030]' Referring back to FIG, 6A, the divide informa-. 
tion area has stbred therein ^information concerning the 
status of packets such;: as TMCTj DIVIDED", : 'START 
PORTION OF DIVtDED PAGKET"* *lvtl DOLE PORTION 
OF DIVIDED PACKET' or "E ND PORTION OF DIVID- 
ED PACKET';'-^ !*»* oo-:,- n ^rv ;■■ -.••,;];: 
[0031] As described '.above, the . fixed-length data 
block generated by each WN node: is transferred by efr 
fectivefy utilizing a plurality of time slots provided.within 
each conseculive: cycle df 125 microseconds.; FfG. 6; 
shows a data ! fbrmat of a radio communication record- . 
ing :o : the embodiment of -the present invention. As 
shown in FIG. 8, there are provided 6 time . slots (time . 
slots 1 ;o 5) within each cycle; One of the above-lrneftv 
lioned WN nodes acts as a control node, and each -WN 
node transmits idata under control of the control node , v 
[0032J" The WN node serving as the rcontrol notla 
transmits a control block during each cycle prior to the 
time slots 1 io 6.:Thi9 control block is QPSK^modulateci: 
and comprises a gap" area of 6 symbols, a sync area of f 
1t syrnbblsra 'cycle sync area of 7 symbols, a-slotpe^' 
mission area of TS symbols and an error^rrection area 
of 9 symbols: : .* . • ^ 
[0033] - As wili be described later on; the controlled • 
node reproduces a transfer clock signai of the control 
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node frcrr. data of this control block, and synchronizes 
it- own iransfe; clock signal with the reproduced transfer r 
cfccK signal of the control node:, In this manner, the'oe'n-- 
trol bloc!*, uar.smittedf rom the control node.is sen ee! al- 1 
so as a clock synchronizing/ signal .'P-.* sr. c:*:* 5 ~- 

{0034J The t/ync area in eludes. a 1 sync code to cfiT:V- ] 
a co. ;iro; block. As will be described later on.-thie cc V:' >: ; . 
nooe includes a counter for ■ counting a clocksjgnal.hav^ ; 
ing a frequency of 24.576 MHz in an c.suending order. 
An iEEE1 394 node (time rnanageT.eni PodeX. referred 10 
io as a cycle master, on a bus .with a control node con- . 
nectad thereio transfers a cycle-start packet to;the;,bi'S , 
o^:e pG r : 25 microseconds (iscc/irorous cycle). Inthat 
very moment, of 32-bit cycle time data in the cycle start-:, 
packet, data of low-order 1 2 bits is set to the above-mefi-', *s 
tioned counter as a counted value thereof, '' the cycle;; 
sync area of i'ne control olocfc, »s stored the count- - 
ed value obtained from the above.-. rientioned coi'rrtar 
when Shis control block is transferred. Remaining two : 
bitb (one symbol) of the cycle syrc area are used' as a< 2( > 
les&ive'area. o--:; ■ 

[0035] FIG 9 shows a data .format, of a oycte.'start 
packet. As shown in FIG. 9, th e;cyote. start packet in-: 
eludes 3 header comprising destination node identif^^'.; 
tier, data (des'.inationJD), a transaction label («);-a retry. ■ ^s*. 
cede (ft), a transaction code (tcode), priority information,.: 
(pn). oourco nod? identification data (sourcea;iD),;d.es-;. 
tinaho;i node memory address (destination^offset), cy-; 
ci-3 time data *nd a header CRG. FIG: tO shows 32- bit . 
cy c ' e ; i me da ta As show: : in Fl G : . t Q; t he -7» bits ;f rom the ; 30 c 
most signify 3*1 bit o 32 bits are : used to show.tbe sec- y 
onds, the ne/» 13 bits are used to show the number of.- 
cycles, and the 12 bits from the least significant-bit- are 
used to show the counted value (number :of. clocks) of . 
tho clock signal having the frequency of 24.576 MHZf., : . 35. 

The controlled ..node includes a counter -for 
counting th 3 clock ^ignathaving the frequency of 241576 . 
MHz in an ascending order-as will be described. later on; 
The IEEE1394 node (time management node); referred'' 
to as the cycU mas'er, on the bus with; the controlled: 40/ 
node connected thereto transfers the cycle ;starj packet 
to the vjus once per 125 microseconds {isochronous cy- 
cle) in that very moment; of the 32*bif cycle;;time da.ta 
ccniaiMcd in tho cycie start packet, data of'low^pr;der.r2 ; 
bits is set to the above-mentioned counter as the;countv 45 , 
ed value thereof. ■.v.-.r- : - : ' m 

[C337] "»"he Whl node serving as. the controlled node - 
eiiiracts the counted value fromlhe cycle sync; ar$a ol . 
ilu> jorstro! block When a difference tbetween- tfte ?x- 
ttaded counted valueand the counted; value pt its own S Q\ 
counter »s changed relative to the initial value, the ■ 
above-mentioned WN node, generates a coriVpl; signal- 
to? correcting such changed difference, and transmits,., 
this cont'd signal *o the cycle master, whereby, relative : 
iimGs of id\ nodes may be. automatically synchronized - 55 . : 
with each other at the starting portion of each .cycle, ■ , -, 
[CG38] Tho WN nods serving. as; the. controlled node 
Cr'IciJ^tef. a deference between the counted, value- • 


stored in the cycle sync areaorthe ccrtroJ blpck^nd.the 
counted value of its own countermand saves the .differ- 
ence thus calculated as the above-mentioned initial yat- 
ueiwhen a .user subscribes for the radio .network 1. . , 
[0039] , Turning back to FIG.. 8, the control block in T 
eludes the.slo! permission area which stores therein. in- 
formation^ .5 bits each concerning the time .slots -1 to 
6. The 5-bit irfcrmstio;-? :s:.fQrrned.of bit 0 to bit 4.. When, 
the bit 4 is held at high "1" level, the bit 4 shows the. 
transmission of a. tone request signal. When the bit 4- is 
held at low "0* eve!.; this tjme.thsbit 4 shows the. trans- 
mission of data. The tone, r ec]uec4. signal is adapted to 
transmit a tcne c : cnet ; n o-der. to, control a transmission 
power. Whan the bit 3 is h^^hi^h "I;" Jjevel, the bit 3 
shows 4bat data i^ jspchronous c(a^a ;:: When the bit 3 is 
held at low/O- level, : .tt?isjUmjMte.Jt>:t:3 shows that data 
is asynchronous data; The- bif- 2-: the bit ,1 and :the ; bit 0. 
show node \Bs-pi the WN. nodes tpparmlt the-transmis-. 

SipPIro ^--:»!, r\ .:/:< .\; .;■ ':/[■ ;. 

[0040] Jhe node !Q ot .the WN pod^ serving £?.s 'he , 
controj node is , set to " 1 1 1 * : , A t empprariiy : usf3d;nqde ; I D : . 
is L'sed to enabl^ a WN node.wttr^pjn.nocte ID. tp hayea.; 
chance to? 1ranf,mi| : r ^jate!.y-'hen_;tfee; above-mentioned.. 
ncx%ID subscpbes for, the radio network 1,.;Th f s tempor^ 
rart^rused nodeiD is set to "000^. .Therefore^ a^ 
B 00t;. : tp "110" may be; usec| as the node ! D of the WN . 
node serving as : the : cerrirqlled node. *. : 0 ... 
[0041 ] The error-correction a rea has stored therein ap 
error:Cprr.Qct:r>acode .fo?. correct ing i: errprs: in the cyqle 
sync area , a nd ( the slot permjssipn area. As the error-. 
corre.ct.icu icocf^ there ..may bo us^d ,a . BQ H (62r 44, 3) : 

COde>-- ! !:; V '-r : ;^. , ^ : o::.' , ; ; !!:r.^, ! ; - (: . . r\\: : ij./.; 

[00<.2] -Although notrshovvn in-FtGS, 6A ? eB and SC. - 
in actual practice, the data block transferred b,y the time, 
slpts Ho 6 ineludes.the.dataarea of 240 symbols having, 
a gap. : .area of 6 syrr.bols and a ; sy.nc areapf 2 symbols t< 
attached thereto as shown in,FIGw8. : The sync area bos 
sync data tc.detgct the datablcck^§yn^data 
area :is constantly QPSK-rm^Lilated ■ regardless cUbe , . 
mcdu!gtion-system ; in the dataarea r: ; ' 
[0043] In the slot permission-area ©(.the control block,. . 
the re spectiye.-t irn e, slots .desigpat © y\(N nod^.a wh ich are • 
abJ&tp transmk- data: ,When. WN nodes are designated, 
the^next WN rjodes, ag. WW npp'e otthe^next cycle is., 
designatep*. FIG. 1 1 shpws the manner in vytiiqh th^time. 
slots "i tp 6 are respectively allocated to WN-nodes. In . 
this embodiment, the ^ time ; s tot l .,perr^ils4he.Wry, node 
(control node) i with; the node.jp =,"111 " lo transmit #ata;. 
the time slol 2 permits the r WN node.with the node ID =, 
"001" to transmit data; and, the tirne ;slot, 3 permits the. 
WN node v/ith.the npde ; ip - "QCf tp.transmit data.;Fv^;,\ 
ther, the time slots 4 to 6 permit the. WN node ; witn the 
node ID -/.'1 01 .".to transmit data .. t 
[0044] The control node is-able to control the respec : 
tivetWN nodes {control, node and^ controlled; node) jn ; 
transmission by the stot permission, a rea, of J he control 
block, |n A hat. case, the contro I T^ode. becomes able to 
determine which node is. permitted to transmit data with 
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respect fb' each : bt : ih'e ; time slots in response to data 
trans'fer'infdfrnatfdri of each'WN node; such as a transfer- 
width reserved by the controlled node or data situation 
of future transfer data reported by the controlled node. 
Thetrahsfer width Is' reserved from the controlled node • s 
to the control node and thedata situation of the future 
transfer data is reported frdrri the cohirol led node to the ■ 
control node by the afbremeriviotied' access layer com- 
mand. ' ' ^ i'r--..-.- ..■ . . - J: • 

[0045] Thu's; the cbh)rorncd'e-hiGy'ai'k)cate^theairne-'' io 
slot to a predetVrmiiVecJ WN'hpde tc permit the prede-'. 
termined WN node to transmit data of the reserved 
trahsfer width. Also; th^doViirdi node ri .ay allocate other ^ 
time slot to a^Her-W^Hodk Moreover, the control 
node is 5 able to easlfy TOha 

transfer wii^ ;v by'iirie''-num^r dr.i.^e slots n order to 
make the traiisfer ot^ irar.sfer "vvidtl; other .han trie re- 
served transfer width becorr.epcssFc.& For example, 
with respect to datasuch'as asybchror.ous packet data 
in which the transfer 1 Widtfris riot reserved and which is • 20 
not cyclic datait bedomes pbssible to transfer such cata 
by using a time skif ccrres^hdi/ig \6 Lie transfer widt;> 
which is not reserved : irr the Vans. er of isochronous 
packet. - ■ /Cft ^ : '" < 10 *- : ' : "■ -.V : - - • 

[004^! A W? inodo'i 00 {£el WN nc&oG Z \c u) will 5e 25 
described next with reference ;6' f io; 2. : FIG. 2 sr,cws ; 
in block form the WN node tOO^W.iicii rr.ay be served 
either as the control node or ai the" cbhtroileo nodev-7;s 
shown in FIG 2, the VM'hbde- i00 includes a cohtroF 
unit 101 which mtght be' formed of a rriicrccompjterio 30 
control the entire system of the rauic netv/cik. To' the- 
cohtrof unit 101 are bonhected a cus (xunisr 1 02A, an ; 
internal counter 102B, a ROM (readily memory) f03 : 
for 1 storing operation programs x>f the microcbrtiyuter • 
within the controi unit iGTand fa RAM (^ndorh-access ' 35 
memory) 1 04 served as a work a>ea. • - 1 ; " j 
[0047] the b us couhVer *r02A' arid the* fntfe ma [ counter 1, 
1 02 B a re each adapted id count th & c ioc k 1 s igr.al of 
24.576 MHz in an ; ascending order' When the WN node 
is served as the centred fr^e; Sbth of 'the 5 bus counter 40-> 
1 02* A arid the internal counter i 02B ; are used! The 
IEEE 1394 node (time manag^eht node">^ referred to - ; 
as the cycle master,' dh the bus'with the control rilo3a*- ; i 
connected thereto is adapted to transfer the cycle start " 
packet to the bus once per 125 microseconds' (iso^ -45 
chronous cycle). In that Very'rridment; of the cycle time 
daia of 32 bits contained in the cycle start packet; the 
numberof clocks based bh the low-order 12-bit data is 
set to the above-rriehtbned counters 1 02 A. ' 1 02B as 
their counted value; Then, when control block data is ; so 
transmitted, the cbntror riode stores 12 : b"rt counted val- 
ue (number of clocks) fronh the ihtemal cbuhter 1G2B in 5 
the cycle sync area, and supplies the aM>ve-mentioncd 
counted value tdlhe controlled node/ ' ; ' * " 

[0048] When on the dther hand the WN node 100 is * ss 
served as the control led node, : ohly - th e bus count er r 
102 A is energized? The IEEE1394 hcde : (time manage- 
ment node), referred tolas' the cycle master, on- the bus 


7 with /the: control node, connected thereto is^dapteoV tp 
transfef the cycle start packet to the bus once, per 125 
miorfcseconds. (isochronous cycle).. In that very mordent, 
of theccycle time- data pf: 32 bits contained in the cycle - 
sta/ibcpae ket,. the : lo w-orde r> J 2-b it . da.ta is$ set . to . the . 
abc^e-mentioned cpunter i 102A a,s. its counted value. 
When receiving the control block, the controlled .node 
compares the counted value- extracted from , the cycle 
sync anea^with ithe counted value of : the <aboye-men-. 
tioned counter 102A. 1 :,When ^a difference, beiween Jhe 
aforementioned two counted values is changed relative, 
tothe initial value, the cpntroUed node generates . control 
information for correcting such changed differ e^e, and 
supplies- such control lnforrnation. to the cycle. master, 
thereby establishing a time .synchronization among the. 
buses:= • : -.. ! ; to ^ ; . ( ... ••■ ... 

[0049] The WN node 1 0O.includes a fRAM 1 r^fodem-, 
porarih/ storing: packet data ; such as isochronous pac.kef 
and asynchronous .packet -: transmitted; frpm -.other . 
IEEE1394 node (not shown) ^ connected,;. to Jhe 
IEEE1394 bus 105 and. a data generation unit lOZ for 
generating data i»loc!: (only the header and the user data 
as shown i.i FIGS. 6A to 6G) DBL by using the packet 
data, accumulated in the RAM 106 under, cent ko! of the 
control unft 10t.". ■;• ... . : . * •■ .• > r 

[0050]. Where t!re WN node 100 3 served £c*he con- 
trol node, the data general ion uni* 1 C7 gen er£tr;s control 
block (cnly the 1 c\rle.syr;G £ r ea andjhe sfot permission 
area as shown. ; n FIG: 8C) CBL which is transmitted at 

5 the starting portion of each cycle of ; 125 microseconds. 
Further, :he dats genei at ion unit ,\C7; generates an ac- 
cess layer command .userJ to transmit and receiye an 
exclusive -c6mm£nd between the two access layers so 
that setting information may be transmitted apd received , 
betv^eeh the control ; node and th3;CQntrplI.edr)pde. This 
access la 'er command is Ideated in the user data of-the . 
data blocfcand then transferred as described abevei Cy- 
cle ^ time <feta contained \n the cycle start packet (see 
FIGl 9) transmitted. from the cycle master (no^shovfn) 
through the IEEE1394 bus 105 is supplied tothe control 
unit iOtthrougrvthe data generation unit 107/ 
[0051] v The VJU node 100 includes an error-correc*ion 
code attach unit '108: for attaching an error-ccrrection * 
parity (ECO) Jo the data block DBL outputted. from the 
data generation unrti 107 and: a scramble/modutat. ion. 
unit 109 for scrambling and -modulating the putp'.med 
data from the erro^cpnrection attach unit 108 and which 
then tillaches a sync code to the* starting porliori ol.the . 
data thus scrambled ana* modulated; 
[0052] The WNhode l OO includes an error-corr ection 
attach unit 110 for attaching an error-correction cpde to, 
the control block CBL ^outputted from the data genera- 
tion unit-107; a scrarnble/modulatibn unit 11.1 for scram-, 
bling dnd modulating the outputted data from the error- 
correctbn cede attach unit 1 1C and which then:£ttach9s 
a sync" code to the starting portion oj. the data thus 
scrambled and^ modulated and a light-emitting element 
(light-emitting diode (LED)) 1.12 for outputting-jn^rared 
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signals cbftesponding'tb "the ^ Ttlodulated signals oul^ut- 
ted frornihe sciarrible/modulatioh units 109, 111: : WJie.v:i. 
the :, WW : hoc!'e riOO is servskJ as Wfl ! coritrc>iitjd.node'i>? 
control '^-k ^cdltjs hot gen Crated from the data ~ge: £ I, 
eratibri unit 107, and therefore i-Th6"erir6r<o^re6ti<!>R' : c> r :i-:i > 5 
attach : unit 1t'0 l ano^ the scramble/moduJaticn unit -titt-i 
need hoVbeused. - [: : ^ : \ r..-^-V/ 

[0053] "The WN iribde ^ 1 ; 0O ihcludes ! a tigh^receiving ek ; 
emehr(pK6fdcii6deJ 115-fbrreGeiving art infrared signal 
arid a s'yhc deteetibri/clock reproo^'ctbnunit:tr6foroui- t r ; 
putting a detection timing sfgnal SYd by 'detecting a pat? . 
tern of a^syhc'eode of the datd block (see^ FIG. .8^ from o 
ari^butpuft'ed-'sigrial-of-the ligrrt-receivingelemerit 115: 
and wfiich generates a clock signal CKd 'synchronized 
wrlrv;he'data block whose ; sync code was-defected. The 
clock signal CKd is used when the data block whose;* 
sy nc code ivas- detected is 1 pf ocessed. 1 - ; ; -;A- ?; \ 
[00S4]j The WN hode 100 includes -a demodulal ion/ ., 
descrarrible unit 117 for deseramblingand demodulat- 
ing the data block from which the sync code was detect- 
ed based on the 'detection timing signal SYd,. an error--: 
correction ci'rcuitl 1 8 for er/cr-cbrrecting the header and 
"tbeH^er datajolJhe data block outputted from the de-. 
mbduiatfbWde^^ 

user data extraction unit 119 for extracting; uWfiiata; : 2S? 
from the data' blcdk DSL-outpotted from : the *rror-coV 
reetiori unit 1 T8 aril a header extr action unit 420 for exr 
tractrh£ r a [header attached to the user data fromthe data 
b Ibc k D BL. : Ah eade r ext rati ed by t he iheade* extraction, 
unit 120 is supplied to the i control unit 101 : : 30 

[00551 *rte WN node 1 30 cncludes a.RAM 1 21 for ten -, -i 
porariiy stbrin^ttie user data extract 3d by (he user data- -. 
extraction unit 11 ^and r a data reslore unit 122for resto> • 
ing' the' packet data base^ort header information by us-; . 
ing the user' data* accumulated =in the RAM 121 and ■: 3$ 
which transmits the packeTdata thus restore^ to c the.*-.. 
IEE£1394 ilbde connected to. the- bus .105, When. the; 
user data is the'accesslayer command^ such command . 
is transmitted from the data restore urrit?1 22 to the eon- 
trbl unit 101. : : ^ - l-^ 1 - -r : 40, 

[0056] The WN' node l 00 includes a; synadetection/ . 
clock reproduction unit' 1 25 for butputting'a detection: ; 
timing sigriaf SYc by detecting a pattern of a sync code, 
of the control blockc(see'FIG. .8) from the outpulteXJ sig T . 
nal bf the light- receiving etemenM15 and; which gener T , 
ates a clock^s'ignal CKc synchronized with the control- 
blbck-fiorfi whichthesync codewasdetected. ThecJock, 
signal CKc is used to: process the control b'ockifrom , 
which the sync code was detected, and is also used as 
a transfer clock signal for effecting, the Transmission., 
processing/:'-'''' •' .• . *;■■•■/• ' 

[0057]- .The' WN node 100 includes: a demodulation/, 
dcseramblc un'rtil2& for; demodulating and doscrem- : : 
blirig : th©'CGntr6l block from, which sync code was de- 
tected based on. the detection timing signs! SYcand an ss 
efror^orrectioh circuit 1 27 for error-correcting the con- . 
trbl bloc!; (cycle sync area and slot permission 'area) 
CBL; of the data outputted 1 from the demodulation/da-. 
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sc ramble un it- rz6~by usin g the : error-correction code ... 
nnd which supplies the control block thus errpr-correct- 
ed to the control unit 101-. :. -, ; : r . , . , v , . : ■ 
[0058] When the WN node 100 is. served as the cpn^ 
trof node,: the demodulatipn/descramble unit 126 and 
the error-correction unit : 127 ; are not in. use.- When the 
WN node 100 js served as the control node, the ,sync 
detection/ctock reprod,ugtion ; unit 125 does not execute 
the synchronization processing with reference to the. 
clock signal reproduced -from Uie, control block, and, 
functions asja free^funning transfer ciock. signal gener- 
ation . Unit - ''t^ \; ;,.V. : -| n% V i 

[0059] .An ope ration ©f t,he Wft^rjode (wireless network, 
node), 100:s.ho>yn in . FIG. 2 will b© : described next.. . ... 

■< [006i0] ^: The manner, in whj^h : the WN node 100 is op- 
erated when ; the WN; node iQQ- is .served as .-the control . 
node will be descnb^Tnftial^ . 
ation vvjll. be described belaw, , , ; . ; ; =... 
[0061] : ; The cycl^ time data c^tainecj jnlhe cycle start:, 
. packet transferred from Jh^ eyejs -master (not ?hown) is . 
supplied. tp.lhe control i^ft : l0ljrojr^,jhe.data generation.. 
untt ; 107,: whereby t,he cpM.nted, yalu,es of thebus counter. 
102A and : :he internal Gpuntef TQ2B r are set to become.;, 
equal to the clocks based on the loworder 12-bit data . 
: of tr^ycjeTime data/The>e^^rtr)€^e^^ 
1 02B. Jbegin .^to; sequcntiaJly count Jhe clock signaTqf 
24:576 MHz in :an ascending order . . ,. : .. 
[0(^2 J JJie control unit 101, the data 

generation unit. 107 generates; the control block CBL 
. (see £I0::£) gt the starting oprtion of each cycle of 1 25 
micrDseconds- ' ln: the cycle sync area of this qontro). 
block is; stpred4h ( e : counted- yalue (number of clocks) of . 
the internal, counter :102B,. ; Then, the erroricorrection\ 
code attach unit 110 attaches the error^correction code . 
to the.contrpl block CBL, and : the. descramble/modulaT: 
tion unit 111 desc rambles and rppdulat.es the control * 
block thfjs.er^pr-cprrected.and a!taches :: the sync code,. 
thereto.'jthereby : resulting,in, the cqntrol,block transmis-, 
sion.signai/being.generated- .then, the lightremitting el^ 
emen^112^s driven by th is transmission signal, and this 
light-emitting element 1 1 £ outputs th« control block irk, 
the .1prm cf- the inf rared -signal, . . . - 
[OOga] .When packet data such as an isochronous, 
packet cr an asynchrqnqus.packet is transmitted to. the 
data ; gpne ration unit ^07 from, the IEEE 1394 node 
through tho hus 105,. this- packet, data is temporarily ., 
stored in trie RAM 1 06. Then, undereontrol of the control 
unit 101, the data peneralion unit 107 generates the da- 
ta block DBL (see FIGS. 6A toj6C) from the packet data 
stored in the RAM. 106. The data generation unit 107. 
generates one data block DBLeach at the tjming of eacri 
time slot whose transmission. is.permitted. Then. the.er- . 
ror-corroctipn eode attach unit 108 attaches, the error-., 
correction code to the data block DBL Further, the . 
scramble/modulation unit, 109, scrambles and modu- 
lates the resultant data block pa_ and attaches thesync 
code to the. same., thereby respiting in the. data block., 
transmission signal, being.generated.. The. light-emitting 


eletnenU1 1.2. driv^Ofby ;i this transmission signal, and, 
this lighlTemitting element 1:^2 outputs the data block in. 
the form of the infrarepV signal 

[0064] Next, the reception ope rat ion will tie described, 
below. . The lig^t^eceiving, element 115 receives the jn-/ 
frared signal of the data block-. Then, the outputted sig-. 
nal f rprrv the. .light-receiving, element 115 is supplied to 
the , sync detection/clock reproduction unit 1 1 & which . 
generates the ^election -timing signal S Yd by detecting . 
thesynctcode of the a^ta b,lock. Also, the sync detection/ io 
clock Reproduction unit 1,16 generates, the clock^sigpal 
C.Kdi synchronize^ with the pa\a block fromwhich the 
sync code was. detected; .. ^ r • < ; 
[0065] . ^Then-the outputfed iSignal from the light-re- 
ceiving element^ 7 $ 
scramble- unit 1 1 7 and thereby ^demodulated and de- 
scrambled based, on ;the.petectiQn timing. s»gna! SYd. 
Further,: the outputte^^ 

scramble unit H7js^uppljedteu^^ unit 
1 1J3) and thereby ; the,daia block DBL, is error-cprrecled 20 
based .on.- the Brrpr^corre^t ion code, :: , j - 
[0066] : The iO^ta blockzDBL: from the error^orrectipn r 
unit 1 1 8 is supplied to the header extraction unit 12Q arid 
thereby, the ; heade ; r is extracted. The header- thus fij. : 
tractedis syppjk^ lite rnan : "2$. 

ner; the. data bloc k~D3^ frcm : the error-correction unit 
1 18 is supplied tpthe user datat extraction vnit 1.19, and 
the user data is supplied to the .data restore ^ jnit 122, . 
The .data restore unit 122. reconfigures packet data from . 
the user data thus extr^ted under cent rol^ol lhe control 30 
urit io; -^se$on.toe.he^ packe*. 
dat& tl^.G 1 r^confjp.u^ transmitted through^ er.bus 
105 tathe !^ , - ^ 

[0067] Tb© manner in which :the WW node is operated "t 
when the VVN node is served as.the ccrvtrolled nop^e wi)! 35 
bt described. ; Initially; the transmissjon operaticii will be 
despibe^bebw. ■. . v;: -;r : . ; ; ; . . 

[006BJ. The cycle time data contained in the cycle start 
packet-lraRsf erred from th^eyclG.mastef (nqt:Shqwn) is... 
supplied Jp the control unri A 01. fromtho^da^ generation: 4Q 
unit 407, whereby the counted, yaju§. of ,the bus counter 
1 02 A is set to become equal to the low<>rder 1 2 bit^ qt- 
the cycle time data. Thereafter, the CGunter : 102A begins : *. 
to sequentially count the clock signa!: ot^24,576 MHz in 
an.ascending prdor. :;<.: .v-- c- - 45 - 

[006?]: i When;the packet dalasuch ; as the isochronous;. 
packet or thaasyochroopus packet is transmitted to the 
delta- generation unit ;107 from the IEEE 1394 .node 
through the .bus 105, ttj is. packet data, is tempprarjly. 
storedjn.tbe RAM 106. ;TJien, : under, control pf the. control 50 
unit ?Q1 , the data generation unit 1 07 generates the dar , 
ta block DBL (see FIGS. 6A to 6C) from the packet data, 
stored in the RAM 106, The p&ta generation unit 107 
outputs one data. block :DBL each. at -the timing of .each 
time slot whose transmission was permitted.. Then, the 55 
error-cc<rectic)n ; code;attach unit -1 08 attaches the enor- 
correction code. to Ihis data block DBL, and attaches the : 
sync .code to the data block DBL after the data blcck 


P^Lwas scrambled and modulated,. b£ the. scramble/ 
modulatbn unit 109, thereby resulting inYhe data block ' 
transfnissipn.signaJ being generated. The light-emitting, 
el^rpent 112 is.p'riyen by^is Iransrryssim! signal .arid 
thalip}it : enr)itting element 112 pytputs.the data block in. 
the form of the infrared sjgnai. * , . .'.^ \.] . . . ~ / . 
[0C70J : Next,.the.xeception operate 
beipwrTh^ lighHecejying element 1 1 5 receives the in- 
frared, signals of, the.coiitfo^ block. 
The o ; >rtputted signal from ,the : . li c^hreceMn^.elgr^eni^ 
115 is supplied tp,tbe sync detection/clock reproduction , 
unit 125 which .generates the detection -timing 
SYc by detecting the synq code of the contrpl b lock. Al- 
so, the sync detection/clock reproduction unit ; T25.gen- 
erates the clock signaJ GKp synchronized. with the con- 
trol blc<K . whose sync code was detected. The clock sig- 
nal CKc is used to. process the .control block as de- : 
scribed above, and is also used as the, transfer clock 
signal f; That js, the aforementioned transmission opera- 
tion, is executed in synchronism with the transfer. dock. * 
[0071] Ther), the outputted. signal from, the. light-re-, 
cerying elemeot .1 1 $ is supplied to the dempdulatioryde- 
scramble unit 126 and thereby demodulated and de : 
sqramhled based I on, the detecMpn timing .signai iSYc. 
Further; tfiej ^ outpi'ttcd data from the dcmpdulation/de- 
scramble, junit.1 26 is supplieclto the errpr^orrectipn unit 
1 27 vyhich.errpr-cprrects the control block CBL by using 
the error-correjptipn code . : = t ; ; ; = ■ . t . 

[00721- Th,e control, block CBL outputted from the er- 
ror-correction unit 1 27 is supplied tpthe contrpl unit 1 01 . 
The,contrp| unit 101 -extracts 12-bit data from, the cycle 
sync area of the control block 0BL and compares the 
ext r acted 12-bit data with the counted value of the coun- 
ter ,1.02a.. When a difference /between the extracted 
12-bit data and | tbe counted value of the .counter 102A 
is : changed, frpm the initial. value, the controLunit 101 
generates . cpntrpi - information for- ; corf ecting . such 
change, end transmits the abovermentipned control in- 
formation to tjje cycle rraster.Thus ; the lo.w r prder 12-bit 
data (nupnber.of clocks) of.the cycle time da.ta ; in the cy? 
cle master is corrected and a time synchron ization is es- 
tablished between, the buses. Moreover, the control -unit 
101 may. recognize the time; slot whose transmission . 
was permitted oased on jnfenrpation o? the filpt-permis-. 
sion area of the control block CBL. 
[0073] , Jhe outputted signal Irom the light T receiving 
element 115 v> supplied to the sync detecticfi/clpck,re-. 
production unit . 11 6 which generates ,the detection tim-; . 
ing signa! SYd ; by, detecting the sync code pf Jhe data 
block The : sync detection/clock reprpdluction unit 1 1.6 v 
generates also the clock signal CKd synchroriiz.ed vyith . 
the data block whose sync code was detected , ■ ... r . ■■ 
[0074] The outputted signal from the, light : rccciying t 
element 115, is, supplied, to the demcxdulatioiVde^cram- 
ble unit.11 7 and thereby demodulated and desc rambled 
based on : the detection timing signal. -SYd, Further, the 
outputted data from 4he demodulalion/descrambte unit 
1 1 7 is, supplied to the. errorrcorrection unit 1.1 8 which 
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then error-corrects the daia block .DBii; by uoiny tfie er-' 

ror correction code " ' ' ' 

[0075] Ths data block DBL frbrri the'erro^ori-edioH' 
unit 11 8 is supplied to the header ektradtion unit 1 26 arid 
titer Jby ine header is' extracted: THe he'adertlib^^ J | 5 
iracied is supplied to the control unn'IO'll SimilaVryrtfi^ 
data block DSL from the* er^ 

plied to ihe user data extratiicri "tirtit"'^ 1 9; ; and'ihis/uisier*- 
data is supplied to the data .'"restore uhrt 1^': The data 
reside unit 122 reconfigures packet ! c^ta froriTi the ex- 10 
tracied usor data under control bf the cont rot unit 101 
based on the headei information 1 ; The -packet data thus 
reconfigured is ttansmiited through the 1 bus' 105 to the 
IEEL1394 node. ' " ; "■ ' ' "^ *\ 
[0076] The mariner ih which the I E EE 1 394 staridaird ?5 
packet data is transferred from tiie first WN node to the' 
second WN node will be described with reference to 
FIGS. l2Athtough 12E. "" ; ' :J ' " : "• ::: / 
[0O"7] Let us r ;ow consider the base in which 'packets 
A and B are 'transmitted irOm thb IEEE 1394 'hope to' trie 26 
Orttrj gen option onit 107 of the lirst WN node as packet ■ 
daia alter the cycle start packet (CS) was transmitted 
as shown in FIG. 12 A. The cyble start packei is trans- 
milted from the cycle master once per 125 microsec- 
onds in thai cci^e, the time interval in' wtiich. the cycle : zs % - 
sian: packet is transmitted from the : cycle' rrtasiGr is not 
always limited to the time intervaTof 125 mfcrose^bhcjs, ' 
and it is frequently observed that *such : time interval may 
^xc^ec i 25 microseconds depending upon the rnaghi- 
iude cf ihc packet data ■ J ■ ' " ;! * : '■ ;: " 1 '" • 1 30 
[0C78j The data generation 'unit' 107 generates 1 a 
fixed-iength data block fibm these packets A and' B as 
shewn inF'G i23. In that case, the data generation urift 
107 centres from the data lengths of the packets A 
and B a data block having only data of the packet A, 10V 3$ 
example , a data block having data of the packets Aand : 
B and a data block having on ly data of the pac ket B arid 
•n ^rh;ch null data *s located in the space a tea. A header 
having information of original packet, divide-irifofm'atidrt 
or the like is located ai the? starting porttori of daia^user 40 
data) comprising each packet. '"■ ■ ' ■ " ' : ' r '; ■ - 

[0079] Ihedatabiofc'kthusg'eneraledbVthedatageri- 
e ration unit 107 of the first WN node' is /transmitted to 
the second WN node from the WN node serving as : trVe 
control node by using the lime sfdiS Tto3 whose trans- ^5 
missions are permitted as shown- in FIG. T2C. In thai 
cfsc the error-correction parity is attached tothe data 
block, and S ie data block is scrambled and modulated: 
Thereafter the sync code is attached to the data block, 
and the resultant data'block is transmitted in the form of 50 
the «nfrared signal. ' ' : " ■= ' • * ^- 

[0080] The second WN hode : receives the data block 
transmitted from the first WN- node as shown in FIG. : 
12C. User data 3\1ractedfrbrii this oata block is supplied 
to *J \t da-d t estot e unit 1 22; ahd the header extracted' 55 ' 
from ths data block is* supplied to the control unit 101; 
lhr:c :he oata restore unit 1 22 reconfigures the original 
c>-*cket Jate ',om the user data based on inlbrrnatidh bt 


original packet contained' in the Header,' divide informal- 
tion or the like as shown in FIG. 1 2 ErThis^packet data- 
is transmitted to the IEEE1394 ; hode ; : ' 
[0081] In the 1 radio network 'i : shown* in; FIG. 1; trie 
manner In which a time syri'cNbnizat ion is established 
among the buses will be described : mbre in detail. This 
operation wlll be described wfth reference to a block di- 
agram of FIG. 1 3 corresponding to the radio network T 
shown in FIG. 1. FIG. 13 shows an example in which 
the WN iibcfe is served as a control node (root device) 
and the WN nodes 3 to 5 are servedas controlled nodes 
(leaf devices). To understand the present invention 
more clearly, the WN node 2 serving as the control node 
includes a bus connection unit 15 i, a route control unit 
1 52, an inf rated transmission arid reception unit 1 53, the 
bus counter '102A and the internal counter 102B. Each ' 
of the WN nodes 3 io ^serving as the controlled nodes 
includes the bus connection Unit 151, a leaf control unit 
154, the infrared transtnlssion and reception unit : 153' 
and the bus counter 102 A. (Sycte masters 20, 30, 40; ■ 
50, each of which is served 1 eis* a time management 
node;' are connected to' TEE E 1 394 buses : 2 1 ,31,41, 51 
respectively^ : ;: ' - l -•.■■-">■:■■.■.'•■>■*■•<.;••.'•- 

[0082] : A T cycle master pacS^et trarisferreci from the cy- 
cle master ^O fo vne bus 2^ bhce per 125 microseconds 
is supplied ib the WN node » Ot l eye le Ume data of 32' 
bits^cohiained in the cycle 1 start packet; 'the number of 
clocks b^sed on ^ the fbw-brder -12 bit-data is set tb r'tha 
cbu'nters i 02 A; 1 023 ' as : their ' counted values 5 (see ; 
routeg@.n^lG. 13). Thereafter, these counters T02A, ■ 
1C2B begin to seqUenti^lfy : count trie' cloek^sifinal of 
24.576 MRz from the set values in anascendirig \ '6idel 
[0083] FIG. 14 is a flowchart to which fefe , rehb# will 
be m^de in exofainirig 'the mariner iri Which *;he count 
values are set to the cbuhtefs T02A, 102B of the WN 
nbde : 2. Referring to FIG: 14, when the root control unit > 
152 of the WN node 2 receives the cycte start packet/ 
cbT.tibi goes to a ste'p v ST41>S^fef^Pth'e'-'fb61 control' 
uriiti 15^ sets the number of clocks based 7 bn the^ldw^ / 
order 12 : bii.Ga;a of the bycle tihne daia to the bus counter 
102A and the iriternal bounter 102B;'Theri, the setting 
ob"e ratlor i is' ended. • ' ■ v r * . . ■ ■ 1 : > '• *; *. : \ : - • 
[008C] A ^ycle 'start packet transferred from the cycle 
masters 30, 46; 50 tb the buse's31 ;41, 51 ohce peM25 ; 
microseconds is supplied to the WN nodes 3 r 4, 5. Q; 
the cycle time data of 32 bits contained iri the cycle start 
packet, the number of clocks based oh the low-order 
12-bit data is set to the : counter 1 02 A ^lirie-cdunled 
value thereof (see routescAin FIG. 13). Thereafter, the 
counter 1 02 A begins to sequentially count the ciock sig- 
nal of 24.576 MHrz frbm ttie set value in ah asbehdirig 
orderi v ' - • ■ ■ ■ • '-' " : 
[0085] FIG. 15 is a flowchart to which reference will 
be made in explaining the manner in which the counted 
values are set to the counters 102A of the WN nodes 3 
to 5! Referring to FIG. 1 5, when the leaf cbntrol unit 1 54 
of the WN nodes 3 to 5 ; receives the cycle start packet; 
control gbes to a step ST21; whereat the leaf control unit 


-1 54 setsithe number ofrclocks, based on. the low-order.-. 
1 2-bit ^dala rof: the. cycle time data to the bus, counter 
102A: Then, the setting operation is ended.. ^ 
[0086] When the control block is transmitted from ths; 
WN node 2 to* the WN nodes; 3, 4, 5, the WN node; V- -5. 
stores the counted value ^number: of clocks) of the in-: 
ternal counter 102B an the„cycle sync area (see FIG. 8) 
of the control block and ttansmits: the same to the WN 
nodes 3,14, 5'.(see routets.(^in;FtG: 1 3), r ; : : : :; . 
[COST] -r;£ IG; }G;isa flowchart to Avfcico fefefenee,wilb 10 
be made in explaining th£ manners which the root eon- 
trdl unit;t5Zof the WN?node'2'$ operated when the con- 
t rol block data: I:. iraTOm&.sd.- fle? errin g t^|Q. 1 e A when 
the control bldak data is:*ransmitted,r control; goes;to ; ^? 
. step whereat <the r>x)t control unrt^r.^rea^s the is 
counted- value: from*t^ 

next step ST32j^e,uoaft<con:robun;tr-?52. ^?res.:lhe; 
counted value thus- read out in the cycle sync:area;of, 
the control block, and transmits the abeve-mentioned : 
control block tcctheinf raTedtransmission and reception 20 
umt:.133::Theb^cort^ . : 1 - m 

[0088] -When the;WNnodes>3, 4, 5 recerve the control 
biock f rom.thre WN^ode2^he^VN.ng>dp- 3, 4;>5: extract 
the courite^values Iromtbe; respective pycle$ync ace„-v 
as- ^and. compare the: counted values with the counted . 25y 
values of th« abovemnerntionseoVcounter 1 02A: ;Whcn ft is> . 
detected that a difference, between th see; counted. y~u 
ucs is changeoVelatfjfe to initial value, dhe WNffiodfss:; 
3; 4,! rS^gene rate- i N ontrol infarrna*;er> for; (correcting such ' 
changed difference/ and t3n?mi^such1»^ol(mforma- 30, 
tio.n to=the:cyole master Si3^40,\50 (see tputes@iri Fl<3r. ■ 
13)v-Thu33r f fthe;daUi (number of. clocks) of the: low-jocder^ 
12 bKs bf 1 the cycle untie (iata in .the cyc!e*mast3rs;30; ; 
40, 50 are corrected,, and ar time synchronization: may 
b&r'edtablislK- ^ "amongilhecbuses. : . ^ >:::o ; 3$ 

[C089] FIG,: 17; is a flowchart tar,vhich Reference \ will: 
be^rrtadss in:ex'plaininc#ie manner iruwhich theleafcon- : 
trol unit 1 1 54 ih -the* WN?nodes\3 to' S^rs operated cwhen 
threat fcontro): unit T54>receivesithe control block data; 
Referring to FIG. .17i *-vhon the leaf 'dontro^ unit 154 ie- ■ ^c.. 
ceives the control block, control goes to a step ST4T, 
whereatthe=1eaf controt Uhif 154:.exiracts the-\cour.te*d ; 
value from the cyele syndcarea of the control block.; 
Then, control 'goes ttMhe next step SM2, the leaf control 
unit 154 calculates a\dmerence betw8en tha countetf 45. 
value thus extracted andthetrounted value of the coun^i 
ter102W 1 * ; ^x. : v ^vrroc • ^--..v:- .-. 

[0090] ' tDontrofcgoes tG/thenext step ST43, .whereat 
the leaf cortirbi'unit:l 54 determines the classification cf !; 
cctfttolnnforffiatibn based oh ther diference thus catcu- ; so 
latedThatisy when theca leu lated difference is changed^ 
relative to the -initial rvalue and the number of slocks in i 
the cycle master has tc be increased,, it is deterrc-ned- 
by the : leaf control unit 154 that the control intonation:, 
is of thetyrieindtcatihgthat the numberoi clocks should $& 
be increased. When ; the calculated difference, is not ; 
changed relative to the initial value and' the number, of , 
clocks in the cycle master need not be changed, *it is ; 


determined by.theJeaf : contrpl ; ;unit 154 that ^control 
information is of the type indicating that. the^numberoL 
clocks need: not be;changed. Further, .when.the.pajcu-; 
lat^diff erence. is ;Changed relatiye to the hitjal. value \ 
and the number of clocks in the cycle master has to be*, 
decreased, itis determined by theJ^KCo«^oi--uri|t: : i54' 
that the control; information is of the typte indicating that 
the number.ofiClpcks shouldbe depressed. : :: . . t p- 
[0091] : Control gpe$ ; tp the next .decision step SJ44, 
whereat thetype of.eontroNnforma*jon ; is,determine^ by 
the- leaf control unit, 154. If Jt is determined by fhe. leaf 
control unit i ; 154iat : the decision step ST44 that the type 
of . contrpl tioformation .indicates; the increase Qf ; .the 
number x$ ^clock?,, then control goes tp a step. ST45, 
whereat; there is generated control information ^ for. in-- 
creasing the number of clocks in the cycle rnaster.sp 
thaMh&calculated diff erence may become equal to the 
initial value. Then, control goes to the next.step ST46. 
If it. *s deteirnined by the leaf control unit : 154>at the ..de^ 
cisjon step ST44 that the type pi the control jntornialion 
indicatss that ;.the.; number of clpcks .need nqt ( be 
ch&nged, then .control goes to the next step 5T47. At 
the step^ST^^ there is generated Gont^ol information in-; 
dicating thatthe number -of clocks ; need nptjbe changed. 
Then,; control goes tp the step ST46i, If iVis^detcrmined 
by the leaf contrc! unit .154 at the decision step 3T44 
that the typerpf contrpl information indicates that tfie 
numberpf clpcks^ias to be decreased, then (Contrpi goes 
to the; next. step ST48 . At the step ST48 ; there is, gener-, 
ated control -uifprmation for decreasingsthe nurnber of 
clocks in the;;cycle master so ihat :the calculated differ- 
ence may become equal to the. .initial value. The^ con- 
trol goes to the step ST46V/ /,!v- 
[0092] At the step ST46, the packet cpnj.aining .the 
control . -information, , thus generated : is ;transmitted ; 
through the bus tathe cycle master, . ^ : ^ . , 
[0093] oAs described . abpwei.acccrdipg to the ^ embody 
iment of the present^inventic^irtinies J pfrthe:IEEE-1394. 
buses 31 tp51f tavyhleh the WN nodes 3 to .5 served as 
the controlled ngctes are connected, may be automat i-, 
cally adjusted by : using aime .information.. ^ (number of 
clocks) of t^e:IEE51394 bus =21 which is c^nnected tp 
the WN node<2 serving as the control npda. ; TherefQre,^ : 
the.time synchronization rjiay: be satisfactorily restab-: 
lisned among a plurality of buses, M ; . ; . . : 
[0094] ..While the IEEE 1394. bus 21 pn the control 
node^side is;assumedj to be. the standard bus A as-de-. 
scribed above, the present invention is not lirnije^therer 
to, andthe present wentbn may be modified such that 
the bus on the controlled node side is assumed to be a. 
standard bus-to thereby establish a time syncbrpniza r; 
tion among-a pluraiity of: buses. In thatvease,. there is 
provide a corrtrol t lock whichjs used tp tranemit;control : 
information from the controlled node connected to the, 
standard bus-to the. control, node: In the abeve-men- ; 
tionad embodiment/ as shown in FIG> t&A;. a control 
block A is transmitted from the control node to the .con- 
trol led node within each cycle of .1 25 microsecoridsprior 
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to thetime slots i to 6. As'shbwn in FIG. 18B; a ccntroi 
bibck°6 'containing control' ihform'atibn is transmitted' 
f fom'the controlled node connectedtb'th'e stahdaro'Dus 
td'tfie c6'Hir6l node after the : cbhff6f block A and bV.oYe 
0i© Ihr/o clotc; ^ to 6. : - r :>: ^ ; - - :> '"' ■ : - '■ - irii 
[0095] '- Vive manner in whicrra Ume '^hchVoneatlori:^ 
establishe'dfemorig a' plurality of ; buseW Wheri the bus&ri 
the controlledti'bde side is used as 1 the startdafd^us will 
be described with- reference to 'a" bloc x digram of FIG. : : 
19 cor responding f 6 : the riadfolhetwdrk T shbwn iriFI G io* 
1 ? FIG; i 9 shbws <he : exarnp!e iri which* the WN nbde 2 
is assUrnedlpbe ! the1control node (f6brdfe^ice)/1heAVN 
nodes : 3 to 5' are assumed to ( be : the ; controlled; nodes 
(leafdevices) and the bus oh the WNnodS 5 is Assumed 
to bb the standard bus": In FIGr*19, elerhehts ind parts 
identical to those of <FIG.'i3 : are marked-witn the same 
reference Numerals; 1 arid- therefore need not be 'de- 
scribed iiVdetail; r - " : :)l •■ ir-- 
[0096] : As shown in FIGv19/thecycle starl^packet^hat' : 
is transferred from the cycle master 20 to the^ bus 21 • 20 
once per 1 25 micrbseconds is supplied to the WN -node 
2. Of the number of c Jocks of data formed of Mow-order 
1 2 : bits Is 'set to the bus counter 1 02 A as- \\i counted' 
value (see rbufcG)in FIG: 19). Thereafter? tHebus coun- ! -> 
tcr 1 02 A sequentially counts the crockVsrgnal of : 24:©7{> 2'& 
rVWz Y roi .1 : the set villus in arf ascendihg ; '6rder;- s ■ ■ = • / 
[OCfetj " Although the 1 -interh^r counter ^02B:als6? se- ! 
q ueritially ecu rits the e lock %'i gh'al 01^24^576' M Hz --in- an 
ascending order; wheYi the WN node' 2 serving as the 1 
cbni rbi node' s ubsc r ibes f tt'r the radio n et work- 1, ! 1h £ WN- > 30' 
node 2 calculates a difference between the counted vaN - 
ue of the bus counter 102A'arid the' counted value of the . 
internal counter 1 02B and saves the difference thus cal- 
culated as > kn initial value. ' • ■ ' - " ; '■'*■• 
[0098] - FIG. 20 is aflbwchart showing the manner in : 3& : - 
which the counted valuers set -to the counter 102 A oy 
the WN node 2. H6f eftf nV^to-FIG/20? when the -roof cbri^, 
trol unit 152 iri iihe- WN ! node 2 receives the eycie start 
packet; control gods to th&nextstep 3T5 1/ whereat \he : 
root control 'unit T52 sets the number of clocks based '■*' 40 
on data of fdw<>rder ^bits^of the cycle: timedatato the 
bus counter- 1 02 A: : Th^ ended. * 
[0099j The cycle start packets that' are transferred.' 
from the cycle' masters 30/40, 50 to the r buses 31, 41; 
51 once per 125 microseconds are supplied to the W: J 
nodes 3, 4, 5. Of the cycle time data of 32 bits contained ■ 
in the cycle start packet,- the number of clocks based on' 
thy data of low-order 12 btts ; is set to the 1 counter 102A 
as 'a counted value thereof* *(see rbutescAin FIGv;19). 
Thereafter; this counter 102 A sequentially counts the so 
clock cighal of 24.576 MHz from the set value in -areas- - 
cending order. The processing in which the counted valr 
uo is set to the counter 102A is executed in accordance 
with th# aforementioned flowchart of RIG /-1 5:-- 
[01 00] - -When the WN node 1 2 transmits: the control 55 
block A to the WN nodes 3, 4. 5, the -WN - r.o^e 2 scores 
the couhted vatue (number of clocks)* of the" internal-, 
counters 02B ir. the cycle sync area of the control bbek . 


A, and transmits the same (see routes ©m 1 FIG- .19); 
The root control unit 152-in; ;he Wtt node 2 iff operated 
in accordance with the aforementioned flowchart of FIG: 
^S: = • ' ■ •■ ■*.<•'•:} " : ^v'- [,;:•- 

[0101] WI'ien'Jhe W'N jnodes- 13, 4 receive the control 1 
btocK*A"f ronvthe WN node 2, the WN ncdes .3, 4 extract 
the counted value from the ; cyde sync area, and com- 
pare thfd counted value ihu^extracted and the counted 
value of the above : mehtioned counter 102 A. When it is; 
detected that a xJiff erence' between the t wb counted vak 
ues is changedrelWtive to theinrtial value, theWN nodes 
3; 4 generate' cohtrol'infrttmationvfbr ccrrectihg such 
changed ditferr^cie'riand tfarts^t such icentro! inf orma- ■ 
tion 'to thO' cydle masters; =30^40 , (SBe : :re Jtes @ in FIG. 
1 9), : tbsreby SsurtinQrirt' data (number cf clocks) of iow- 
ortfer^2 biis ! 6f the cycle ^ lima davaf irr the cych masters 
30, ; 40 br ; rg >sbrrected.cThe leaf control unitsc-1 54 in the 
WN nodes 3. 4 a.re operated in aecoro^r^e with the 
aforementionsrd flowchart af-RG; 175 c ^ ; 

[0102] When ahe WIsS -node: 5 receives ins: contol 
block A from the WN node 2rthe WN node 5' extracts ; 
the^bount^d vntue: from the <cycre; sync aron; and ionv. 
pares tber couht^id value^th us extracted and the counted, 
value of^the i above-hnentbn3d?eofjhter 102A:oWhen n 
difference ^between l^e t.vo (counted values is changed 
relative ib;^ 5 generates, 

control thfcfr^atLOn-foricaTectingi iuc/t changed:djfer-. 
en^^; Then, the WN node 5 generate;" the control bSock 
BconlaM*iihg such infornlatioa; and transmits the.control 
block Biothe ITU' node^-2.<see toutediin F»G:_t9). - 
[0103i FIG;;21 is a fTow6hart>sho\vir[g*the manner in 
which th^:)eat:controi uhrfri54 inUhe Mw:5 node is dp- 
eiBted vvher. the EN node 5 receives?thexor:trol bto»:k ■ 
A. Referring to FiG. 21, when the WN : node 5 receives ; 
the control block A, control goes td a step whereat : 
the »aaf control unit t54 : extracts -a counted .value from 
the cycle syrlc area of the control block A^ ^ Then, control 
goes tothe r.e^t siep ST62rwhereaMh0ieaf control urjt 
154 calculates.a difference betweah the counted vsluc 
thus ^exiraeted arroithe/ countedvvalue of "the .counter. 
102A:^ v^: t- • ■ -^v : .r-v-r, < ^'-J : 
[0104] * At ihe hext:step:ST63; the leaf control unit; 1 54 
determines' the type of control lnformction. based on the . 
difference thus calculated. Specifically, when the,calcu*. • 
laied difference is* changed relative to thei initial value . 
and the number ot ^ clocks on the conlroLnode side has t 
to be increased, the type of control information indicates 
that the number of clocks should be/increased. V/hen 
trie calculated. difference is not ; changed relative to the 
initial value and the number of.clocks.on the control node ... 
side, need not be changed, the type of. control* .informa- 
tion indicates that the number of olodks need no! be in;- 
creased. Further, :whcn the .. calculated: difference is 
changed relative to the initial and the number of clocks . 
oil the control node side shcuid.be decreased, the type 
of control information indicates thatthertumber of clocks 
should be dec i eased. .. • yy: ■. . 

[0105]/ ^Control go^s to the next decision step ST64. If 


it is determin^ 154:aUhe dec;- ^ -v 

sion step ST64 tfet tHe type 6f control information indi- 
cates thaV tne'hurnberof docks should be increased,- 
then cohtrbrgfoe^ to'astep'STSS, whereat the leaf con- 
trol lirtit 1 54 generates control information for increasing ^ 5 ■ 
the number' of clccks v [courited value) on the control : 
node side so that the calculated difference rriay become 
equal to the initial value/ Then; eohtroi goes to a .step ■ 
STCS: If iris determined by ihe leaf cohlrot unit 164 at 
the de^isioii step > ST64 that ine type of control iriforma- ' 10 
tion indicates 1 that the- riumber 'of clocks heed not be 
changed/then control goes tba step 3767, whereat the 
leaf control unvt i 54 ^ehirates cot^iot ihvbfiriatibri -indi- 
cating that the humbfer of clocks need not be cftanged. 
Then, control goes to^ii' step STSS: If it is determipeo ; : 7 ^ 
by the leaf control iiVtrt ^ 'i54 r ai the decision step ST&fr 
that the type of controtinrS^ ihat the° 

number oV clocks sridutd be r decreasedf -tinieh control 
goes to the next step Si'6a. At tlie step ST68/ the leaf 
control urlii iM generafes cdm^ 2& 
creasing the nuhiber of clocks : (cbun*ed value) on the ? 
coht rbl node side so that the calculated d iff ei "eric a may 
become equal to (fie iniuai value. Then, cohtroi goes ib 
the step : ST66. 7,V ' J " :/ 'V' jV f? • - .■■■■■>. 
[0106] At the step 1 ST^i'tKe VVNF node 5 generates ^ 
the control block B cbhtafriiiig the control' invbr. Nation 
thus generated, and transmits 'trie contrbi bibek b to ihe 
WKl node 2 serving as the control node (see FIG: 18b) 
at the previous ly^ser tin ting (see FIG; 1 SB) 
[0i67] ' VVh*en 'birthe ; other' ^hand r ihe : VvVj"hode 2 re- 30 
ceives the 'control block Bfibhi the Vi/iNJ node 5, the Wlsl 
node 2 extracts control information from the control ; 
block 8, arid corrects the counted value ot tlie interna! 
counter I02B in accorb^riceWith information 
thusextradiep.Thereaner^h^ 35 
couhtedVaiues of the counters ^ Vd2A^I02B: ; V/heh a dif- 
ference betweeh thb tvwtbbnfed vatO 
atrve to tne in^ 

trbl rrif6rrnatio}i for co'to^ difference^ 
and transmits the control information thus generated to *o 
the cycle master 20 (see route©in FIG. 19). Thus, data 
(number of clocks) of data of low-order 12 bits of the 
cycle time data in the cycle master 20 is corrected, and ! 
therefore a time synchronization may be established 
among the buses. - — ; ;! l -- : v .: . * 4G 

[0103] Flijf 22 is a flowchart snowing tfie manner in 
which the leaf control unit 154 in the WN node 2 is op- 
erated when the WN nciie r 2 receives ; the control block 
B. Referring to FIG. 22, when the' WN node 2 receives 
the control block B, control goestoastep ST71 , whereat so 
the leaf control unit 1 54 extracts control inforr nation from ' 
the control block B, and' corrects trie counted vaiue of 
the internal cburitbr 1 023 based on the Control inidirma- 
tion thus extracted. Control goes to the he&'step S772, 
whereat'the leaf control unit 154 calculates a difference 55 
between the counted value of the internal counter 102B 
and the counted value of the bus counter 102Av 
[0109] Control goes to the next step ST73; whereat 


\the laaf control ,*init 1 54:determines;the type :of control 
information based on the difference thus calculated..-^ 
Spectfcaliy;. when the diffsredbe thus calculated; is; 
charr^^d Telative- :6;the jnitic! value.and: the number oL 
dceki in the .cycle master 20 should be increased, corn- 
troEinranriation is o* . the type that increases, the ntimber 
of clocks. When the difference thus : cateylatedtis,not ; 
changed relative to the . initial, value, and the number- of i 
clocks in the cycle master 20 need not beichanged^cpn-. . 
trofinJormaticii is of ^he type that does^not chanoa-th* 
number of clocks- ^untief; when the difference thus oalr ; 
culated is changed relative to the initial value , and -the 
nurhber of clocks in the cycle master 2Q:sho ! Jld;£e , de- 
creased, control information is ef the type that decreas- 
es the number of cfccksl v v ; ,-;v ; o 
[0110] Contra' goes loJhe next decisicn step 3T74, 
whereat the leaf control unit 1 54:determines the type of 
cOTtrol rnicrmation.vif it is determined by -he Jea ■ conuot ; 
unit 154 at the decision step ST74 that control informa- 
tion is*of the type that increases ihe number ol clocks; 
then cbiitrol gees io a step ST75. At;the .siap ST75, the 
leaf coYittdl unit- 154 ge^^ratss con"- roL inf omation for 
increasing in ? number of: clocks in tfie cycle master 20 
so titer*, the caicuiated difference ms:y become equal to 
the initial vafuev and Control goes to a ste|> ST76: } 4 , it is 
determlrted-b/Hha leaf contiol ur/t -154 at t^ie d^cif ion 
step ST74- that ; control information is of the type; that 
need not change the number of clocks, then cont r ol 
goes tc a step 3T77* y.tierea; the leaf cent rot unr ; ;5^- 
gehe^aies control information indicating *i*>£t the number 
of clocks need not be cl'.^nged. Then, control goes to 
the step ST76. If it is determined byJhe leaf control wril 
154 at lhv3 decisiai step 5T74 that controf InforTnaticri/ 
is bfthe type that decreases the number of clicks,; then : 
control gbas to a step ST7B :At the step ST78, therjeaf 
contrbf ct\\X 1 54 generates control information forj de- . 
creacing i the nimber of cbeks of the cycle TiasterSO so 
thatthe ca;cuiated cif;6rence rriay become equcl tothe 
initia'l vaiue. Then i^contrcl gees to the step ST76. . 
[CT11J At the step ST76, the WN node 2 transmits the 
packet containing the centre! information thus genera!- 
ec: through the bus 2 Vtb the cyc le master 20. : . 
[G1 1 2j described above,! avar, when the t • v& on :the 
controlied node side is ass umed to be the standard bu*^, 
a time synchronization may satisfactorily be established : 
among a plurality of buses ; i ; 
[Oils} While the control ! node (W! node 2) uses ^oth 
of the bus counter 102 A and the rnlerna! counter 102B 
as described above; the present invention is not limited 
thereto: arid the contro! node may use-only the bus ; 
counter 102 A!' ^-^ .: :;.-.■■:■:» 
[01.4] Wheh tlie bus bn the control node side is as-, 
surned to be the standard bus (see FIG. 1 3), the control 
node is operated as fbllows. ' ■•v-;:. • 
[01 15]' ; ; When the WN node serving as the control node , 
receives the cycle start packet from trxe^yci© rnarter 20, t 
of 32 : bit ! cycle time data contained in the cycle start 
packet; the number of clocks formed of low-order-1 2^bit 
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data is set to the bus counter :102A;as' a. counted valuer 
thereof. ' " ' r ;t > v ' 

[C11bj When the WN nodei-2 transmits the control 
block tu the WN nodes-3, 4, 5v= the :WN^- node 2,stpres:; 
n »~ .^uivh — * — - ^umhuvj/iif blocks) of 'the bus cowrter ,; 
1 02/*. tn the cycle syilc area of irte^V^^(rcn«iwk-:ai;a'>'ii-:«fi:i-- - 

transmits the same/ . '\ : .' -\..: ? > 

[OUT] A rest of operation ;s: similar, to .the operation' 
effected when the above-mentioned-control node; uses: 
both the bus' counter ?02A "and r;h s .internal courter 
102B. ' •' : v^ ;, :;- ::t >■:>:■■■:■ 

[01 *2 8 j When the bus on ihe confronted node, side is . 
assumed to be tie standard bus (see RGx1 9); the WN 
node is operated as follows. . t.;-"- ■ . x . 

[0119] When the WN node 2 transmits, the control 
block A to the WN nodes.3, 4, 5, iheWN node 2 store? . ; 
the counted value (number ol clocks) ct the bus counter 
1 02A'in the cycle sync area of = the. control block A, and 
transmits the same. ' , \ -. :-.>•■-*;.■ . •■ ■ 

[0":20] When the WN node 2 receives the control 
block 3 from ihe WN node 5 v -.the WN node 2 extracts . 
control nforrnation from the control ;b;tock B. Then, the 
WN r.ode 2 generates a packet containing the contrpl 
intormatton thus extracted; and transmits the packet 
thus generated to the cycle-master 20 Thecyclamastcr : 
20 corrects the data (number of clocks): :>f low-order 1 2 
bits d :he cycte time data based on this control informa- . 

tion. ' ... TV. :. r^fv •:■■;■:.■.■*■.: -. 

[G121] A rest of operation is.^similar to the ope ration 
effected when *he above-mentioned control node uses., 
both the bus counter 102 A and the internal counter 
102B ■ ■■■ i. ". ... 

[0122] While *hen -he bjsch the controlled node side 
is e;ssu:i t ed iobe the sta ^dard bus to thereby establish, 
a tine synchronization among a plurality of bures, the 
control block B (see FIG. -18B) is used in. order, tp trans 
mit corrtrol information from the controlled : ncde eon- , 
nected to ihe standard bus as de$cribe^. above ^ith^. 
present invention is not limited theretp.^nd data slots 
may be used in order to transmit the aboyerrnentionecj- • 
conttol inforr.ation.- Th# control; node allocates a^time 
slot SL (e.g. sict 1) for transmitting control-information 
of the controlled node connected to the. standard .bus/ 
once at avery cycle or . several cycles by using the slot 
permission area of the. contrcl-block.aS'Shov^n .ln FIG. 
18C Then, the controlled node transmits; control. inf^r- 
m 3tbn \o the contra! node.by usingrthe aforsnentbned 
access tnyer command through this lime slot SL 
[0123] In mat case, -when, the WN. node-5 shown in, 
FIG 19 receives the control block from ths WN node 2, 
the WN node 5 extracts the counted value from the cycle 
sync area, and compares; the, counted va(ue thus. ex-, 
tractod. and the counted value: of the counter 102 A. 
When a difference between the.aboye.-ment'oned two 
counic-d /aiuec is changed -relative to the initial value,, 
the WN 1 node 5 generates control information for cor-, 
renting .?u£h changed difference..; Then,, the WN*node 5 
g'r.nr.rates the access layer command containing *he : 
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above-mentioned control information !l and t[9nsrnrts the 
same tp : the WN node 2 (see. rpuJeQi^^lG: ; 19). The . 
processing executed in the WN node : 2 which received 
this access layer ? command:is. similar to that shown in 
FIG. 22. wherein the WN n^e^^racis^contro) infprT 
motion from Uieji^cess layer ppmrnapd. apd executes 
the. processing. .. : . ; > :)■ r ... 

[0124],., .While the. present invention is applied to the. 
radio network : 1 which transfers the. packet data such as 
IEEE1 394 isochrorfouspacket ^anciasynchronpus pack- 
et as described above, the. present, invention, is not lim; 
iteri 'hereto, and the present ^ jnye^tioomay. be similarly 
appjiedlorradip.networks; which .t^smit high-speed se- . 
rial bus,data such as, .USB.{( universal serial bus) ; ^ta. 
[01-2^; ;-«V\friite the present inventiop is, applied to the : 
radio network .1 ; using infrared, rays as,a ; r^dio ; cornrnu- 
nication mediupri^&despribe^aJDqve, the present inyeo- 
tion is not limited thereto, and may be similariy. applied 
toother, radipnetworks using pjher.rradipcprnmunk^tipn 
medj um6 such as radio waves^ and Jaser bearps, , 
[01 26] According to th e present invention, in the radio 
network-in which a plurality of. buses.are cpnnepted.pyei' . 
radio r waves,, a. jime pf other bus, .is adjustepl ( by .using^ 
time information of one bus on the control node sjde. pr . 
the controlled node side, whereby : a time synch roniza-, 
tion ; may ; be satisfactqe^y esjab)ished;arnpng a plurality 
of busesi Therefore,-, when, video data and au^ip. data 
ar e \ ransmitted and receiueci l?etween buses^ a tiijne.dif- . 
ference among the respective i?uses rpay^e prevented 
from being shifted. Hence, i it . is. possible. to avoid a bad 
influence exerted MPon ^ reproduced pictures a^dsouncls r 
by th,e shifted time difference.. ... v ; .. .. : - x* y . t 
[01 27] , : Having describee! a pre! ferred pmt^irnent o{ 
the invention with, reference to the accompapying dravy- 
ings, it .is jQibe.understopd that, the invention is pot Jim-., 
itecf to that precise embo^iment.and that varjpus^qhaQg^ 
es and.mcdifications.could.be effected therein bygone 
skiNed jn .the art .^without cleparting fronj^the spirit pri 
scope of : the !: Jnyentic)n, : as. d^ in^the^appen^ 
claims... - - - 


Claims : , . .... Ct : -. v . , ,,,. ( .. -,. 

45. i. a wire-free network comprising a plurality of buses 
con nected v'a electrornagn et jc waves , sa id n etWpfk . 
■ . comprising; =• ., , : . . . . 

means, using I i me in fprmalipn pi one bus , for 
... adjusting at time of another bus- :v - 
so , • . . .. ./ /. 

2. A network according to claim .1 , further cqmp/isfng* f 
a. communication unit for effecting wireTfree cprn- 
,^unicatjon.arnpng.a plurality of buses and wjiereih 
. - said, communication unit . comprises, one, control 
55. node. and. more, than one controlled nodes cpntroi- 
.,. led by said control, node and said control node js 
connected to said one bus and saiqi cc<Tit roiled, node 
is connected to. said other bus, .. 


. ^ T hetWd^k':a^x&i^tledvih-tfaim-2^.wherein said plu- - . 
^iiybf buses- have connected thereto a time man- 
agement rVodelor managing a time of their own bus- 
es; said bohtrcrtfiode includes time information 
'transmission means lor transmitting time informa- 5>. 
- tion : supplied thereto from the time management 
: node on the bus &rinected thereto to said control- 
led node, and s^WcoYrf foiled node includes" time in- 
7 fonratbrf fecept^ lor receiving saiOnime 
: ' information tfensm ift^ ttbn- 10 

tbl infoir^ ~ 
contrbrM^mal^dr^ld 1 time afdj ustrnent by us- 
■■"ing said time ihtdfmStioh and ^nYelhfofmatibh f rom 
^the um^^ thebus bonneeted 

■ j means 1 ibrW ir>f6ifnation to 

the tiriie rrianagefnent : hocfe^on -the'bus connected 
'*'* theretcx - ' rvM '" • ?<: -"" i • "'' :> - >,:r 

4. A network as'claimed in ciaim 3; wherein^akl time 20 
infbrrriatrbn^ is data-lncfebatlve 5 of the j number- of 
"clocks, said'conirdl nbde* includes a : f irst cbUr.terf or 

! xouritinga clock signal in ah aseendihg-ordefi-sets 
: a counted value bf said counter to become equal to 
'■She number of clocks-by said c^ta indicative of the 2& 

"number of clocks from the tfme management node 
6n r the n bus connected 'thereto and transmits the 
counted value 1 of said counter to said; controlled 
nbo^at'a predetermined cycle, and said Controlled 
^nbde deludes a second counter for cdunting a clock 30 

" : sigh^ 

bf saio^tounter^o become eSqual to the number of 
: ' tideks tiy said data indfeative of -the Climber of 

efpeksfrom the tfrt 
' ' conriect^d : fher : efd;- generates control imormation 3S 
'' for said lime adjustment by comparing the coiinted 
1 value of said ffrst couhter trahsmitied f roro sa id con- 
trol node with the counted value of said second 
counter, and transmits said control information to 
'''■■the time management node on the bus- connected *c- 
1 " thereto ; ; " B ^ ";- ' ' ' ; ; 

5. A Hetwork according tb claim 1 1 v further comprising 
a cc>rrimijhication-uhitibr effecting communication 
amorig^said plurality ;bf- buses and wherein said 
communication ti'nit comprises' ohe : control 1 node 
and more than one controlled nodes controlled by 
^ said control node! saiefconf rolled node is connected 
to said dne b Js, and said cohtTol hede ahd said con- 
trolled nodes are conhectedio said other bus. 

6; A heUVork as claimed in claim 5, wherein said plu- 
rality of buses have* connected thereto a time man- 
"agem^ftt nbde f or managing a time of their own bus- 
es, said ' cbhtrot node includes time information 55 
trar^rrlissidh : meahs for transmitting time informa- 
tioh supplied r theretb ;1 f^om the time management 
node on the bus connected thereto to Said control- 


-led, node, control Joformatipn -reception, means for 
. . receiving control iinfofTnatipruf or sajd time adjust - 
, rrient transmitted theretofrpm said controlled nodes 
. connected to saidone bus;: time information adjust- 
•msni -means jor.adju$ting:.fte own time -inf pronation 
r by: using »said:cpntfOl tnformatipn, .control informa- 
' tion gereratbp means foe gerreratin^-opr^trql jnf or- 
; ;rratioa far sate^ its 
-own-time, information snd : time. information frpm the 
timevTtianagemefit- node rOtethe^bu^coi^^igd^ 
r ^reiO; :THno7^e©™^ ^ffnfmission 
I meansSfor transmitting said control information to 
: : the time^ management :node on the, r^ys .connected 
thereto, and sakJ contrplled node connected to said 
one bBs.lriolLHdefftime^informatipn reeepjtiori m^ans 
. for receiving sakJ time inf ormation transmitted from 
1 said cdntJDl node, controh information. generation 
■ meany for: generating control intormatipn :fpr . said 
Ttime adjustFne at by using said time information and 
= lime information from the time management node 
on the bus connected thereto and control ;infprma- 
tion transmission means for transmitting said con- 
trol information to said control node^anpV said con- ; \ 
trotted node conneeted, to a bus other thaB said one 
bus ^. includes time informatioa reception means for 
; deceiving said time information: transmitted from 
r said control node; control intormat ion generation 
: ; means for .generating control, .informatiQCvjfpr said 
; time adjustment by using said time; information and 
^ time information from the time management ;node 
: on the bus corinected thereto and contioi informa- 
tion transmission means for transmitting said con- 
trol imomiation to the time management node on 
the bos connected itheretox iir,; 


7. A network as claimed in claim 6, wherein said time 
v information » is data^ indicative ;ot the inumber of 
clocks, said control notte includes first and second 

* counters for counting a clock signal in an ascending 
: order, sets accounted value of said first courier to 

' become equal to the number ol clocks by said data 
indicative, of the number of clocks from .?is time 
management node on the. bus conneoted .thereto, 
iransmits the counted value of said second counter 

* to said controlled node at. n predetermined cycle, 
adjusts the counted value of said second counter 
oy : coniror informatioa for . said time adjustment 
transmitted from the cdnUolled node connected to 
said one bus, generates control information for said 
time adjustment by comparing the counted value of 
said first counter and thecounted value cf said sec- 
ond countermand transmits said control information 
thus generated to the time management node on 
the b^s - connected thereto,, said controlled node 
connected to said one bus includes a third counter 
for counting a clock signal in an ascending order, 
sets the counted value of said third counter to be- 
come equai to the number of clocks by said data 
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i«awatk»o ftt mfe number : of clocks rom Jk G> **~~~ 
: nS^hai3em5h1 ; node or, ■ trio^uoa-connected t!:.erato, 
"generates control in formal ion for said time adjust- 
%rehi by eoiripar)ng ? the-c^ 

ondobunterArarisrm^^ 5 - 
"the couhted value bl said third counter- ahdUrahs- 
Thits said cohtroi infcrmatiGrvthys-generatecltQsaid 
cohtrolhode; and said controlled: hodeiccnneeted 
^to^a^us other- than Said one bus; includes' a fourth 
counter for Counting a Clock signal irv an ascending io.\ 
order/sets the counted value otsaid fourth counter 
to become equal to the number of clocks by said 
data indicative of the number of clocks from thetirne 
managerTieht node on the : bus xcnhB^ted thereto, 
'generates' control information for. said time* adjust- 15 1 
ment by ; comparing the cour.tec! val^ue ot:said sec- 
ohdcountertransmitted from saideor;' 'olnodeand 

■ tne counted valua of said fourth counter, an&irans- 
: mits'said control information thu;. generated to the 

time mariagernent : nod3 on ; the : bus- connected 2C 
■'thereto; : h ^ .^i < . 

A network as claimed in claim 5, wherein said plu- 
; rality : of b uses have conn eeied the reto time, man- 

■ agement nodes for : managing, limes; of . respective 2S \ 
: buses, said control : nod& : includes .time, information 
■transmission means for transmitting time .informa- 
tion from the time management: nade on ; ih^bus 
cohnacted thereto to said controlled node, control 
information reception means 'f or uecaiviiig control 30. 

■ information for said: time, adjustment- transmitted 
from said controKed^node connected to -said one 

: bus- and control information transmission means for 
transmitting said control information: to the time 
management node on the bus connected thereto, 35- 
said conirolled nodo connected to said one bus in- * 
etudes time information deception mesns forteceiv- 
intj said time information aansmitted.f rom said eon- 
•trol node; control infbrmatipmgeneration means for 
generating controlinformation : fot said time adjust- *c 
ment by- using said control ir.formation.and lime in- 

■ format ton supplied thereto from the;time ..manage- 
merirhede on. the bus connected thereto and?con- 
trol -information transmission means;for; transmitting 

■ said- control information, to said -control node/ and 4S - 
said controlled, node cohnecteoMo;a bus other than 
said one bus includesi time information' :recept ion 
rneansfor receiving said lime. information Iransmil- 

- led from said ebntroJrnode,: control jnformation : gen- 

■ eration* means for generating control hf qrmation for so.. 
•■■ said time adjustment by; using said time information 

1 and time "information .from the, itime^anagement 
: hods on the bu& connected ;thereto. 3nd-control in- 
. format bh transmission tmeans;for« transmitting said 
control information to the time management node 55.. 

■ on the bus connected th e reto. • . ; . ■■ . ■ t > 

A network as claimed in claim 8, wherein said time 
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- information.. is. data, indicative- of. Jbe : .m<mher ; of - 
; ..clocks, sa'ci control node includes a first counter for 

a clock signal in an ascending order, sets the 'count- 
. .: ed value of ssid first counter to become equal to.the 
.number of clocks, by said : data .indicative, of - ; the 
number, of clocks supplied ^thereto from the. time 
management node cn the.-bus. connected thereto, 
transmits the counted ;y^iije of said first counter to 

- said controlled node ^a precjetermined cycle and 
;trjanpmits control infprmatiop for said.^ime adjust- 
mentaj?n$mitted.from the cpntroHed;0pdg connect- 

, ;.sd/tQ/;$.^d: : ^e..bu* tp^the time ( management node 
. on the bu^opnnecte^ there^o,^ki, controlled node 
connected tpsaio 1 one b^Sjjncluq^ secojid cpun- 
. ter for cc^ting.ap^ksignalin-an ascending order, 
sets counted yajue, of said.-second counter to 
become equaUo.the number of clocks,by said data 
indicative of the number of clocks transmitted from 
a time management node on the bus connected 
theretOi generates said time, .adjustment cont roj. in - 
\ * formation by cpmpanprr.the counted, val ue pf . said 
, - ! first ceurterjtranamittecvf rcj^ $aid control nc*je;and 
, ;^,.the. cp i unte^ ; .y countermand 
transmits, jseid contrqUnfon^ ad- 
; justmenV.thus generated to sa[d. control node, and 
o : ; ; sa id oont rolled node connected to.a bus other than 
;. { : said one .Sue includes, a t^ird pounter for counting a 
c plock ;$jgnal:in ?n ; ascending qrc}er, : sets the counted 
yv;yalu^ : pf eaid:third,counte.r ; by ; ^ ir.diqatiye of 
r / the. number of. v c!ocks transmitted frOT a .time.man- 
: . ; agemsnt r.od.e on the bus.cpnnected f thereiQ, gerr- 
;. ; eratos. control information for said [time adjustnrient 
\ ; by comparing;the ccuRjecJ vaj;je of said frst counter 
■ ., trar sm itted f rpm. said. Qpptrpl .node and !the,counted 
= ; : value ct sa^^hird^counte^. and transmits said.con- 
; trpl information for said .tin^e, adjustment thus gen- 
: . erated to a time management node on the busopn- 
■o ,nected thereto,:; : . n . v ., or ^ , x ^ . 

1G;, A method of establishing a Jime synchronization 
among a plurality of buses in a wire-free network in 
which a control node is connected to one bus of a 
, plurality of ; b'jses : ancJ a controlled. node is.connect- , 
,- ..ed to, another t bus. anp , : wireKfree^com is 
; eftected.ampng said plurality ot buses, by said.con- 
trpl. ncde and said controlled, node^conciprising:' 

, a step, in which said pprjtrplnc^e transmits lime 
. . inf ormat ion f rom a t irrie rnanapernent node, on 
. a bus connected thereto^. to said controjled 
node; and 

, r . >:t a step in yvtveh said conJrpUed node generates 
. :; : control ipf orrr^tiOT. for a time adjustment; by us- 
, , ing sa^d time information transmittec* from said 
■■: : control node and time information from the time 
management node on a pus connected thereto 
. r : and t ransm its said control inf ormat ion i to a time 
management node. on a bus connected thereto. 
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11. A method -ot establishing a time synchronization 
among a plurality of buses in a wire-free network in 
which a control node is connected to one bus of a 
plurality of buses and a controlled node is connect- 
ed to another bus and wire-free communication is 
effected among said plurality of buses by said con- 
trol node and said Controlled nddd. comprising: 

a step in whiqhsafei .control node transmits time 
information from <\ Time Management node on 
a bus conn£cie£ thereto to sa d: controlled 

node; f i \ ' h ^ 
a step in which.a cqr;Vrpl ed node connected to 
a bus other trian said cwk bus generates control 
information for a t^e adjustment b$ using time 
information transmitted from said control node 
and time information from a time management 
node on a bus connected thereto; 
a step in which said controlled node connected 
to said one bus generates control information 
for a time adjustment by using said time infor-. 
mation transmitted fr6m said control node and 
time information from .a time management node 
on a bus connected thereto and transmits said 
control information to said control node; and 
a step in which said control node receives con- 
trol information transmitted from a controlled 
node connected to said one bus, updates its 
own time information by using said cor.trol in- 
formation, generates control information tor 
time adjustment by using said its own time in- 
formation and time information from a time 
management node on a bus connected thereto, 
and transmits said control information thus gen- 
erated to a time management node on a bus 
connected thereto. 

12. A method of establishing a time synchronization 
among a plurality of buses in a wire-free network in 
which a control node is connefcted;to one bus of a 
plurality of buses and a controlled node Is connect- 
ed to other bus and wire-free communication is af- 
fected among said plurality of : buses f>y ^aid control ; 
node and said controlled Ho6 ; e, : comprising: ■ : . 

a step in which said control node transmits time • 
information from a time management node on 
a bus connected thereto to said controlled ; 
node; 

a step in which a controlled node connected to 
a bus other than said one bus generates control 
information for a time adjustment by using time 
information transmitted from said control node 
and time information from a time management 
node on a bus connected thereto and transmits 
said control information to a time management 
node on a bus connected thereto; 
a step in which a controlled node connected to 
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said one bus generates control information by 
using said time information transmitted from 
said control node and time information from a 
time management node on a bus connected 
thereto and transmits said control information 
**»-caid control nod©; and ^, — 
a step in whlt^K oc.uj. C Qntroi rw»«*^ecwes cchi- 
trol information transmitted from a controlled 
node connected to said one bus and transmits 
said control information to a time management 
node on a bus connected thereto. 
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